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Voorwoord 
Dit proefschrift is het resultaat van een serie van onderzoeken die pasten binnen een 
onderzoeksprogramma over de effecten van versnippering op de biodiversiteit. Dit 
programma werd opgezet naar aanleiding van het verschijnen van het 
Natuurbeleidsplan in 1990. In 1992 ben ik bij het Instituut voor Bos- en 
Natuuronderzoek (IBN-DLO) gestart met een onderzoek aan moerasvogels. In de 
loop der jaren hebben vele mensen hieraan een bijdrage geleverd. 
Allereerst gaat mijn dank nit naar mijn collega's, van het eerste uur, van de 
afdeling landschapsecologie die met mij op het prachtige kasteel Broekhuizen 
gehuisvest waren, met name Piet, Els, Carla, Jan, Bram, Henk, Paul, Rien, Alex, Rob, 
Jana, Claire en Karin. Ik bewaar zeer prettige herinneringen aan de prettige en 
stimulerende werkomgeving. Het leidde ertoe dat ik enthousiast raakte over de 
landschapsecologie. Na een reorganisatie kwam ik met de gehele afdeling terecht in de 
'barakken' op het terrein van de voormalige Dorschkamp. Ook daar heb ik met veel 
plezier gewerkt, inmiddels met een veel groter aantal afdelingscollega's, speciale dank 
gaat uit naar Wim, Paul, John Habraken, Martin, Beno, Pieternella, Lolke, Harry, Theo 
en Yvonne. 
Het onderzoek overleefde ook een tweede reorganisatie en fusie en kwam 
terecht bij Alterra in de afdeling Ecologie en Ruimte. Het onderzoeksteam 'Natuur en 
Landschap Europa' vormde een prettige thuishonk. Daar kon ik mijn inmiddels 
opgedane kennis en ervaring over ecologische netwerken toepassen op een Europees 
schaalniveau onder de bezielende leiding van Bas Pedroli en met Irene Bouwma, Paul 
Chardon en Theo van der Sluis. Ondanks deze inhoudelijke verschuiving kon het 
werk aan moerasvogels, zij het op een lager pitje, toch doorgaan. 
Gedurende al die jaren onderzoek vormden een aantal collega's inhoudelijk 
gezien een rode draad. Ik kon altijd bij ze terecht vanwege hun enorme kennis: Rien, 
Jana, Jaap, Cajo en drie maal Paul (Chardon, Opdam en Goedhart): alien bedankt! 
In deze lange reeks van jaren hebben ook studenten en stagiairs een rol 
gespeeld binnen de diverse onderzoeken, ook zij dienen hier vermeld te worden: 
Karins, Mieke, Laura, Angela, Manon, Gijs, Eric, Martin, Wendy, Edwin, Jaap en Ivo. 
Ik vind het leuk dat een aantal van jullie ook als co-auteur heeft kunnen bijdragen aan 
deze dis en dat een van jullie (Laura) nu ook zelf een promotie-onderzoek aan 
moerasvogels uitvoert. Een speciaal woord van dank gaat ook uit naar collega's van 
andere afdelingen met wie ik prettig heb samengewerkt: Jaap Graveland, Leo van den 
Berg en Jan Veen. (Prof.) Gert Flik heeft mij in de laatste fase bijgestaan door zijn 
opbeurende kritiek en zijn vele goede suggesties om het engels te verbeteren. Verder 
waren Bert Jansen en Kees Nuyten verantwoordelijk voor een mooie vormgeving. 
Kees, een paar wijntjes en een creatieve bui hebben tot iets heel moois geleid. 
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Stellingen 
1. Voor een duurzaam behoud van de Nederlandse moerasvogels is de meest kosten-
efficiente strategic het uitbreiden van bestaande moerassen tot een minimum van 5 
grote zoetwatermoerassen met een omvang van 5-10.000 ha (ditproefschrifi). 
2. Een ruimtelijke planning van moerassen die uitgaat van landschapsecologische 
concepten, zoals de metapopulatie, leidt in Nederland tot een betere kwaliteit van de 
natuur voor hetzelfde geld (ditproefschrifi). 
3. Het recente verdwijnen van de rietzanger uit het oosten van ons land (o.a. Gelderse 
Poort) terwijl de soort in de rest van het land sterk toeneemt, toont dat versnippering 
ook in korte tijd zichtbare effecten kan hebben op soorten (ditproefschrifi). 
4. De al jarenlang gevoerde SLOSS-discussie (single large or several small) over de 
beste strategic voor natuurbehoud, namelijk de keuze tussen het creeren van een groot 
gebied of een zelfde oppervlakte verdeeld over kleinere gebieden, discussie is vooral 
een kwestie van habitatdiversiteit en minder van ruimtelijke samenhang (Simberloff, D.S. 
& L.G. Abeie. 1976: Island Biogeography theory and conservation practice, Science 191). 
5. Voor vogels is versnippering een probleem van niet willen in plaats van niet 
kunnen. 
6. Bij het gebruik van het voorspellingsmodel voor de effecten van verkeer op 
broedvogels wordt ten onterecht alleen uitgegaan van de actuele ligging van 
broedvogelterritoria (contra vele MER-rapporten) (Reijnen, K, G. Veenbaas & R. Foppen, 
1992. Het voorspellen van het effect van snelverkeer op broedpoge/popuiaties, rapport DWTV en IBN-DLO). 
7. Het ontwikkelen van kennis over de Nederlandse natuur is niet alleen van belang 
voor het behoud van de Nederlandse biodiversiteit, maar ook voor de rest van de 
wereld als onderzoekers in staat zijn hun kennis te generaliseren en te exporteren. 
8. De invloed van Nederland op het mondiale natuurbeleid wordt sterk verminderd 
door de worsteling tussen de koopman en de dominee. 
9. Het soortenbeleid kan geen succes worden als, zoals nu, volstrekt onvoldoende 
middelen beschikbaar zijn voor het onderzoek dat nodig is om de 
soortbeschermingsplannen effectief uit te voeren.is opgenomen in de te realiseren. 
10. Op dit moment is het beoogde Natura2000 netwerk van de Europese Commissie 
slechts een kaartenbak met natuurgebieden in plaats van een ruimtelijk samenhangend 
en elkaar versterkend ecologisch netwerk, alhoewel diverse officiele Europese 
beleidsstukken ons anders willen doen geloven. 
Ruud Foppen loktober 2001 
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Dank aan de personen en organisaties te blijven die op vrijwillige basis een bijdrage 
leverden aan het onderzoek: Gerard van Zuylen (Provincie Zeeland), Jan van Diermen 
(Provincie Gelderland), Ben Molendijk, Gerrit Gerritsen (Provincie Overijssel), 
Staatsbosbeheer (Frank de Roder), Vogelbescherming Nederland (Tom den Boer), 
Vogelwerkgroep Arnhem en Nijmegen (Jan Schoppers en Johan Bekhuis) en Annie 
Anselin en Kris Decleer (Instituut voor Natuurbehoud) voor gegevens uit Belgie. 
En dan mijn nieuwe werkgever, SOVON. Zij hebben vanaf het begin een 
belangrijke rol gespeeld in het onderzoek. Niet alleen heb ik alle medewerking 
gekregen om ten kantore vele essentiele gegevens betreffende het voorkomen van 
moerasvogels te verzamelen, ook waren ze behulpzaam bij het verzamelen van nieuwe 
gegevens. Met name wil ik bedanken Frank Saris, Rob Vogel, Norbert Kwint, Willem 
van Manen, Ward Hagemeijer en Symen Deuzeman. Zeer erkentelijk ben ik de leiding 
en het bestuur van SOVON voor het bieden van de ruimte om naast mijn normale 
werkzaamheden toch ook zo nu en dan de losse eindjes van het proefschrift aan elkaar 
te knopen. 
Tijd voor enkele bijzondere personen. Zonder twee Pauls had ik dit 
proefschrift niet kunnen realiseren. Allereerst Paul Chardon. Van jouw stimulerende 
en positief kritische houding en je onverbeterlijke afmakereigenschap bij de diverse 
analyses heb ik veel profijt gehad. Wij (Paul: 'kan dat wel', Ruud: 'ja dat moet 
kunnen'), vormden een goed team. Daarnaast ben je een zeer prettige en innemende 
persoonlijkheid. Het doet me dan ook deugd dat je bij bijna alle artikelen co-auteur 
bent en dat je mijn paranimf wilde zijn. En dan mijn mentor en coach, Paul Opdam. 
Als afdelingshoofd van de opeenvolgende afdelingen landschapsecologie heb je me 
zien veranderen van jonge tot senior onderzoeker en van projectmedewerker tot 
programmaleider biodiversiteit. Dat is zeker een groot deel jouw verdienste geweest. 
Jij was voor mij steeds de spil. Jij begeleidde, stimuleerde en zorgde dat ik de 
noodzakelijke landschapsecologische bagage ontwikkelde. Als promoter heb je me 
steeds scherp en op het juiste pad gehouden. Ook wij vormden een goed team, 
ontzettend bedankt! 
Dan mijn dierbaren. Zonder hun was het niet de moeite waard geweest en 
had ik het niet volgehouden. Pap en mam, het is af, jullie kunnen 'greuotsch' op me 
zijn. Eef, je wist hoe belangrijk dit voor me was en misschien daarom kon je me zo 
veel ruimte geven als je deed. Dat zegt heel veel over jou, geweldig! Ik beloof je dat 
vanaf nu de vrije tijd weer naar ons viertjes gaat. Tenslotte mijn liefjes, Kim en Mike. 
Jullie hebben trie vaak moeten missen (waar is papa?....oh, ja, op zolder). Maar zonder 
het te weten, hebben jullie me vaak overeind gehouden en voor de broodnodige 
relativering gezorgd. Ik heb dit proefschrift ook vooral voor jullie allemaal voltooid. 
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Introduction 
General setting 
Biodiversity is under threat! The Rio conference states that all over the world 
numerous plant and animal species decrease in number or even go extinct. The 
reasons for decline are manifold. In the tropics the main threat is the enormous 
destruction of highly diverse ecosystems such as the tropical rainforest. In the 
developed industrialised countries large scale habitat destruction had its largest impact 
already hundreds of years ago. Nonetheless, also here the number of species is 
decreasing at a fast pace. Main pressures on biodiversity are associated with changes in 
land use, for instance the impacts of urbanisation and the intensification of 
agricultural practices (EEA 1999). This leads not only to the sheer loss of habitat, but 
also to a decrease in habitat quality. This results in landscapes with small and isolated, 
often deteriorated, patches of habitat in an ocean of hostile land use forms. 
In The Netherlands, an industrialised and densely urbanised country, we face 
huge problems in our attempts to preserve biodiversity. This is due to the high human 
population pressure (more than 400 people per km2, Vos & Zonneveld 1993). 
Particularly space has become a limited resource. Originating from a rural society, in 
the last century the country evolved towards a (sub)urban society: extensive urbanised 
areas, a dense traffic network and large industrial sites (Vos & Zonneveld 1993). This 
has caused a drastic decline in the area of natural and undisturbed habitats, from 
around 900.000 hectares in 1900 to less than 500.000 hectares at the end of the last 
century (Anonymous 1997). Moreover, the average size of the remaining nature areas 
declined: nowadays only 35% of the total area is situated in natural areas that are larger 
than 500 hectares. 
On the other hand, people, particularly in cities, ask for nature areas: nature to 
enjoy, nature for recreational activities. The Netherlands signed the Rio convention to 
preserve biodiversity. Being a prosperous country, The Netherlands has financial 
resources available to conserve and restore nature. In the last decade a number of 
policy documents was issued concerning nature conservation (NPP 1990; Anonymous 
2000). The policy documents describe plans with ambitious aims and with quantitative 
goals and targets for nature conservation and restoration. 
B R I D G I N G G A P S I N F R A G M E N T E D M A R S H L A N D / C H A P T E R 1 
Central issue 
This thesis addresses marshland birds and their conservation. More specifically, it 
focuses on birds of reed dominated freshwater marshlands and the spatial 
requirements of bird species restricted to these habitats. The studies presented in this 
thesis were initiated by a research program following the publication of the Nature 
Policy Plan in The Netherlands (NPP 1990). The central issue is to illustrate what 
ecological knowledge is needed to develop efficient spatial planning scenarios for the 
benefit of marshland bird conservation. The central questions are: (1) under what 
spatial conditions do marshland birds demonstrate negative effects of fragmentation 
and (2) how to utilise ecological knowledge for practical tools in conservation? These 
practical tools should be helpful in finding the right solutions for the problems 
concerning fragmentation effects as raised, for instance, in the NPP. This thesis is an 
illustration of the delicate balance between the need to collect sufficient ecological 
knowledge about these species and the need for practical tools to be used by policy 
makers, planners and nature managers. 
Why focussing on marshlands? 
In The Netherlands, marshlands are important and characteristic ecosystems 
representing high priority areas for nature conservation (NPP 1990; Den Boer 2000). 
The mouth of three large rivers running through a peat land region created a delta 
comprising almost half the country's surface. In this delta excellent conditions exist 
for numerous, highly diverse, marshland systems. Particularly reed dominated 
marshlands are extremely important to bird species (Den Boer 2000). However, a 
large part of this delta nowadays is cultivated by dykes, exploiting polders, for 
functions as pastures, urban and industrial centres. Many of the large natural 
marshlands have disappeared, and the remaining ones are all too often severely 
degraded by the influences of e.g. pollution, dessication and unfavourable 
management practices. The remaining marshlands show a high degree of 
fragmentation, with many small marshlands and few large ones (Figure 1.1). As a 
consequence, a decline in many of the typical marshland bird species occurred; many 
species nowadays appear on the Red Data List (Osieck & Hustings 1994). The Nature 
Policy Plan in The Netherlands was issued to stop and reverse this decline in 
biodiversity. It acknowledges the importance of fragmentation as one of the major 
factors influencing species richness (Quammen 1996; Hanski 1999; Opdam 1991; 
Wiens 1997; Andren 1996). Consequendy, an important element in this plan is a map 
of a future National Ecological Network (NPP 1990). 
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<P^ 
Figure 1.1 
Location of reed-dominated marshlands in The Netherlands. 
The remaining core nature areas in The Netherlands should be linked to each other 
to create a continuous sustainable backbone of nature. Hence, this ecological network 
has to mitigate the negative impacts of fragmentation. 
Defining the fragmentation problem 
What exacdy is fragmentation? This citation from David Quammen (1996) presents 
an adequate metaphor for the process of fragmentation: " Imagine a beautiful Persian 
carpet and a hunting knife. Let's say the carpet is three by four meters. We have got twelve square 
11 
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meters oj woven material in one piece.....Next, we will cut the carpet into twenty-five equal pieces, each 
a rectangle of sixty by eighty centimetres. When we are ready, we measure the pieces, summarise 
the total- and there, we still got twelve square meters of recognisable carpet-like material! Rut, is it 
any use? Do we now have twenty-five Persian carpets? No, the only thing that is left is a number of 
frayingpieces, each themselves worthless and desintegrating." 
Various stages of fragmentation can be distinguished, leading to various types 
of spatially structured populations (Opdam et al. 1994; Harrison 1991). Fragmentation 
may result from linear structures that divide a formerly unfragmented area into two 
parts. Also situations occur where habitat patches become physically isolated resulting 
in mainland-island or mainland archipelago populations and a network of small, more 
or less isolated populations. A number of theoretical concepts have been suggested to 
describe the dynamics in such fragmented systems. The island theory (MacArthur & 
Wilson 1966) had an enormous impact on the scientific community and boosted 
ideas concerning its conservation value, not only for real island situations but also for 
habitat islands (Quammen 1996). Besides the theoretical limitations in most human-
dominated western European landscapes, this theory has only a limited value for 
nature conservation (Hanski & Simberloff 1997). Another line of research 
concentrated on finding guidelines how to conserve species in so-called "Minimal 
Viable Populations" (Gilpin & Soule 1986). Mostly theoretical work, for instance 
modelling exercises on demographic or genetic population dynamics has proven to be 
very valuable for species conservation in the United States (Shaffer 1981, Soule & 
Wilcox 1980). However, for landscapes in Western Europe, as occur in The 
Netherlands, this approach is of restricted use, because the minimal area sizes for a lot 
of species are far beyond the mere size available in present or future nature reserves 
and this applies also to marshland bird ecosystems in The Netherlands (Kalkhoven et 
al. 1995). A third approach is to concentrate on the habitat quality of a spatially 
structured population. The source-sink theory advocates that population persistence 
depends on the relative and total amount of parts that exhibit a positive net 
production of recruiters (sources) and a negative net production (sinks). Finally, the 
concept of the metapopulation has been used to describe spatially structured 
populations (e.g. Hanski 1999; Verboom 1996). It started three decades ago with some 
theoretical considerations (Levins 1970; Hanski & Gilpin 1991), but recently 
developed into a more practical model (Verboom et al. 1993; Hanski 1999). Basically, 
metapopulation models describe the functioning of population in habitat networks 
based on two components: (1) local extinction due to stochastic effects and (2) 
recolonisation from occupied sites. Up to a certain degree of fragmentation these 
processes may be in balance and the metapopulation is viable. The metapopulation 
theory has proven to be particularly suitable to describe population dynamics in the 
Dutch cultural landscape with large numbers of relatively small patches of habitat 
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surrounded by mainly inhospitable surroundings (Vos & Opdam 1993; Opdam et al. 
1994; Vos et al. 2001). This concept has been used as a theoretical basis for many 
spatially oriented nature policy plans (NPP 1990; Bouwma et al. 2001). Rather than 
the original, relatively restricted definition involving a strict colonisation-extinction 
balance (Levins 1970, Harrison & Taylor 1994), I will use throughout this thesis the 
definition that emphasises the viability of a metapopulation. This implies that a priori 
no spatial structures are excluded and also that a source-sink system is considered to 
be a special case of a metapopulation (Verboom 1996). 
Towards application: the planning cycle 
In the process from issuing a policy plan with the notion of a problem and a vision 
how to stop and reverse the process of fragmentation, until the execution of a plan in 
the field, ecological knowledge is needed in various forms. I consider this a cyclic 
spatial planning process (Harms et al. 1993; Opdam et al. 2001). Important phases in 
this cycle are: problem definition, possible solutions, plan design and plan evaluation 
(Figure 1.2). The cycle starts with a problem definition phase, which is basically a 
comparison between the future ambitions for the functions of the planning area and 
the actual situation. In this definition phase an assessment tool is needed, for instance 
an analysis of absence-presence distribution data to reveal whether fragmentation 
threatens species occurrence. After a clear perception of the fragmentation problem 
has been reached, spatial planning options are needed for solving the problem. These 
may take the form of simple and qualitative indications. Next, to find a cost-effective 
option, landscape scenarios and decision support systems are needed. Alternative 
options for landscape plans are assessed and compared. After choosing one of these 
options a plan is designed and constructed. To make a plan design, technical 
specifications are needed for an optimal use. Finally, the plan needs to be evaluated by 
using an a priori evaluation tool, that compares the conditions for biodiversity in the 
proposed plan with the conditions needed to fulfil the targets. 
13 
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PLANNING CYCLE: plan 
implementation 
plan evaluation 
landscape 
scenarios and 
cost-effectiviness 
alternatives 
for solutions problem 
definition 
strategic goals :egic 
present situation 
Figure 1.2. 
Representation of a cyclic planning cycle with various phases, each phase asking for 
different types of ecological information. 
Types of ecological knowledge 
What types of scientific knowledge are needed to support a planning cycle? Starting 
point for scientific research plans, but also for building knowledge blocks for 
application, is a clear understanding of the concepts and theories that describe the 
problem. As we have seen in the previous paragraphs a wide range of adequate 
theories is available explaining and describing the functioning of populations in 
fragmented landscapes. 
The second indispensable source for knowledge is analyses of field data. Ideally, 
problem oriented research starts with collecting empirical data. In understanding the 
way fragmentation effects population viability two types of data are of concern: (1) 
pattern data based on observations of occurrence of species in a landscape and (2) 
process data that concentrate on the basic population processes involved (survival, 
mortality and dispersal). However, descriptive studies based on field data are hard to 
extrapolate and generalise. This brings us to the another source of knowledge (3): 
population models. The potential value of models for landscape ecological issues is 
14 
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large (Verboom & Wamelink 1999). An important aspect of such models is their 
predictive value and potential to generalise single study results. However, not every 
model has equal power for these purposes. Statistical models are limited in their 
predictive value as it is not possible to extrapolate the data in time and space 
(Verboom & Wamelink 1999). Mechanistic population models lack this limitation. 
Spatially explicit (meta)population models, mechanistic models based on processes on 
the individual level, simulate population dynamics (Verboom 1997). A spatially explicit 
population model can be used for a Spatial Population Viability Analyses (SPVA) for a 
particular, threatened species (Verboom et al. 2001; Iindenmayer & Possingham 
1995). Metapopulation models are very suited as research tools for developing a better 
understanding of the principle processes of concern. 
The gap 
The development of effective conservation and nature rehabilitation plans is often 
frustrated by a lack of practical knowledge. Although it is possible to use field data 
analyses as a basis to provide a practical tool, in many cases these data will not be 
available and time and budget limits will hamper extensive sampling. Furthermore, 
resources such as money and space are limited, and thus measures must be cost-
effective. To protect a species, protection plans have to concentrate on the pressures 
with the highest impact. This requires knowledge concerning impact assessment on a 
species or ecosystem basis. Scientists working in this field, ecologists and 
conservationists, usually are quite able to demonstrate the problems that species are 
facing, e.g. through collecting distribution and monitoring data that reveal heavy 
decline. But next, measures need to be evaluated on their effectiveness. It is far more 
difficult to help policy makers and managers of nature reserves in formulating 
statements on what pressures for a species should be diminished and how this may be 
accomplished. Even if we do have a large body of scientific information on the 
biology and ecology of a threatened species, such knowledge is often insufficiently 
used to set up effective plans (Opdam et al. in submitted). Clearly, the need for 
information to support the planning process asks for an additional step in which the 
basic knowledge is transferred to applicable knowledge (Figure 1.3). A number of 
aspects is important in this respect (Opdam et al. submitted). Field data have the 
problem that the results are difficult to extrapolate and generalise to other landscapes. 
Most empirical studies encompass only a minor part of all variation in configuration 
encountered in landscape planning. 
15 
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Figure 1.3 
Linking the planning cycle to ecological information sources by rule-based and 
knowledge systems 
A solution is to use models, for instance metapopulation models, as tools for 
extrapolation and generalisation across landscape gradients. Also, data have to be 
aggregated to a multi-species level. Since no two species are alike regarding the 
landscape conditions for survival, the challenge is to find similarities between species. 
Not species specific rules, but rather rules for species profiles are needed. Finally, 
quickly applicable tools are needed, tools that assess the conditions of the landscape 
without further information on actual species distribution and without large time and 
budget investments. 
The conclusion after considering these three aspects is that there is an 
important role of models here. Spatially explicit population models could be a very 
helpful tool. However, the disadvantage is that for this type of modelling a large body 
of input data is needed and serious problems concerning calibration and validation are 
met (Verboom et al. 2001; Verboom & Wamelink 1999, Kareiva & Wennergren 
1995). This makes these models less suitable as tool for spatial planning. An escape 
from this dilemma is to develop rule-based or knowledge systems combining the 
merits of various approaches, avoiding the drawbacks (Verboom & Wamelink 1999; 
Verboom et al. 2001; Vos et al. in 2001). This can be accomplished by an interactive 
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process using empirical data on distribution and demography, results of pattern 
analyses and of population modelling (central level in Figure 1.3). 
Bridging the gap; an example for marshland bird conservation 
In this thesis the Chapters 2-5 elaborate on the knowledge concerning the effects of 
habitat fragmentation on the occurrence and persistence of marshland birds. Although 
many ecological studies have been carried out on marshland birds in The Netherlands 
and in other European countries (Graveland 1998; Van der Hut 1986), knowledge 
concerning the spatial characteristics of the populations is scarce. Pattern studies in 
The Netherlands, and in fact in many other parts of the world, concerning the effects 
of spatial configuration of the landscape on species distribution have mainly 
concentrated on forest birds (see for reviews Opdam 1991; Andren 1994). Is 
fragmentation of marshland areas in The Netherlands really affecting species 
occurrence and do thresholds in landscape cohesion exist? Chapter 2 describes the 
spatial characteristics of various marshland landscapes and correspondingly the 
response of bird species of reedland habitat. Furthermore, the use of some landscape 
characteristics is explored for predicting species occurrence and persistence. 
Dispersal is the key process determining population responses to habitat 
fragmentation (Opdam 1990) Surprisingly, we know very little about the dispersal 
process, particularly concerning the quantification of dispersal rates on the population 
level (how many and where to?). Part of this problem is of a methodological nature. In 
Chapter 3 a method is introduced and mark-recapture data for the great reed warbler 
(Acrocephalus arundinaceus) are analysed to quantify survival and dispersal rates. 
Dispersal data link the field data on patterns of occurrence to process on the 
(meta)population level. It is also an important requisite for spatially explicit population 
models. In this thesis a metapopulation modelling framework for various marshland 
bird species, called METAPHOR (Verboom et al. 1999) was used. The distribution 
data served as calibration and validation sets and the empirical data described in 
Chapter 3 have been used for the parameterisation of a 'reed warbler' metapopulation 
model. The model was used in the subsequent two chapters together with field data 
on occurrence. Aim of both chapters is a better understanding of the metapopulation 
dynamics for populations in a fragmented landscape. In Chapter 5 the question how 
environmental variation influences the viability of marshland bird populations in a 
fragmented landscape is addressed. Population trends of sedge warblers (A.crocephalus 
schoenobaenus) in fragmented and unfragmented landscapes are compared with respect 
to the impact of catastrophic events (unfavourable wintering conditions in Africa). 
Again a metapopulation model is applied to better understand and generalise the 
results and to generate guidelines for viable habitat networks. 
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How does the influence of habitat quality on occurrence and persistence integrate 
with fragmentation effects? To answer this question in Chapter 4 distribution data of 
the reed warbler (Acrocephalus scirpaceus) in a fragmented marshland landscape 
consisting of large 'source' patches and small isolated 'sink' patches are scrutinised. 
The study integrates the source-sink dynamics and the dynamics caused by 
fragmentation. The results are particularly relevant for the situation in The 
Netherlands: larger marshland areas are imbedded in a matrix of agricultural fields 
with numerous small, linear, low quality habitat patches like reed beds along ditches 
and waterways. A metapopulation model for a reed warbler was used to generalise 
empirical results and to discuss the relevance of sink areas for nature conservation. 
The last two chapters (6 and 7) present examples of integrating the knowledge 
acquired in chapters 2-5 and developing simple tools and instruments for application. 
Can we develop a simple, but general, tool for problem detection, based on presence-
absence data? In Chapter 6 field data are presented on the occurrence of the bittern 
(Botaurus ste//aris). This analysis produces a statistical model describing the relation 
between occurrence as a dependent variable and area plus connectivity as explanatory 
variables. These results have been used to test an empirically-based model called 
LARCH-SCAN, predicting occurrence on basis of life history data of the bittern and 
the spatial configuration of reedland habitat. This model indicates weak spots and 
strongholds of spatial cohesion in a habitat network and can be used to compare 
various marshland restoration scenarios. 
Next, the challenge is to develop a tool that aggregates to the multispecies 
level and uses simple landscape indicators. In Chapter 7, based on both pattern 
analyses (described in previous chapters) and population modelling approaches, using 
the METAPHOR models for marshland birds, standards have been developed for 
persistent populations in fragmented landscapes. These standards are the hart of a 
rule-based system, a GIS-model based on landscape cohesion assessment that can be 
used for spatial planning purposes. The model predicts viability of (meta)populations 
occurring in habitat networks. Although this chapter describes examples for 
marshland birds, the application of the model is open to all kinds of species and 
ecosystems. 
Finally, in the last chapter the results of the previous chapters are summarised 
and examples will be presented of how the marshland research presented in this thesis 
has already been used in nature policy and conservation in The Netherlands and 
surrounding countries. 
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2 Occurrence of reed dwelling passerines in 
fragmented marshland; inferring occupation 
thresholds and landscape indices 
Summary 
We analysed data sets of marshland bird distribution covering two study areas and six 
species. In both study areas marshlands are small (on average less than 1 ha) and 
fragmented, total habitat cover is less than 5%. Regression analyses showed that, 
besides patch size and habitat quality features, patch connectivity is an important 
explanatory variable for incidence and abundance of the occurring passerines. In 
three-quarters of the analyses patch connectivity was significant. The responses of 
species differ and this is related to abundance of the species rather than to the 
dispersal capacity. Ecologically scaled landscape indices (ESLI) were used as a 
framework to compare species and landscapes. Assuming a 50% occupation rate as a 
threshold for viability we could express such a threshold in terms of an ESLI. The 
average patch carrying capacity, based on patch size and carrying capacity estimates, 
highly correlated with occupation rate. For the marshland passerines a threshold 
occurred at an average of 2.5-4.5 breeding pairs per patch. Because a strong linear 
relationship exists between habitat cover and average patch size, the numbers of 
territories per km2 is a good estimator of occupation rate (threshold value 1.5 
pairs/km2). 
Introduction 
Fragmentation of habitat has become a global problem threatening persistence of 
species in a variety of ecosystems (e.g. Soule 1987; Diamond 1975). The process of 
fragmentation is the splitting up of suitable habitat in a landscape from a single 
coherent unit into smaller, isolated patches of habitat in a surrounding inhospitable 
landscape, resulting from habitat loss and degradation. (Villard et al. 1999; Wiens 
1997; Jaeger 2000; Vos et al. 2001). Two processes determine the persistence of a 
species in islands or habitat fragments: extinction and colonisation (McArthur & 
Wilson 1967; Levins 1970; Hanski 1994a, 1999). The dynamics of populations in 
fragmented habitat is described by the 'metapopulation theory' (Hanski 1994a, 1999). 
Metapopulation models predict under what spatial conditions populations may persist 
in fragmented situations (Hanski 1999; Vos et al. 2001). From a conservational 
perspective there is a need for adequate persistence indicators, a threshold value in 
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occurrence that indicates population viability. Several studies indicate that thresholds 
exist in the response of populations to an increasing degree of fragmentation 
(Verboom et al. 1993; Andren 1994, 1996; Hastings & Harrison 1994; Reich & 
Grimm 1996; Hanski & Gilpin 1997; Vos et al. 2001). We distinguish two types of 
thresholds. The first type of threshold occurs where the distribution of individuals 
over the habitat mosaic is getting governed by spatial configuration (connectivity, 
isolation) (see e.g. Andren 1994, 1996). The second type of threshold indicates a 
(predefined) extinction risk of a metapopulation (=viability level) (see e.g. Hanski 
1994b; Vos et al. 2001). Most studies on developing thresholds are purely theoretical. 
Because it can be predicted that there is large variation among species there is a need 
for empirical studies that can underpin these thresholds The first aim of this study was 
to demonstrate that species distribution patterns of marshland birds are affected by 
the degree of habitat fragmentation. Therefore we used landscape samples with a 
different degree of fragmentation and with various species. The second aim is to infer 
landscape indices related to thresholds for persistence. 
A pattern analysis of presence-absence data of species in a landscape sample, is 
a widely used method to assess whether a species in a particular landscape suffers 
from isolation effects (Opdam 1991; Opdam et al. 1994; Vos & Stumpel 1996). Such 
an analysis is also useful for testing predictions based on the metapopulation concept 
(see e.g. Hanski 1994a; Opdam 1991; Verboom et al. 1991; Vos et al. 2001). A meta-
analysis concerning various species and landscapes can be used to scale up these 
species specific and patch-based approaches to the landscape level. More importantly, 
it can be used to test theoretically based thresholds for persistence (e.g. below what 
incidence is a population no longer viable?) and to link this to simple landscape 
indices (Vos et al. 2001). 
We collected data on occurrence of several passerines inhabiting reed 
marshlands in different landscapes in the Netherlands. Many typical marshland bird 
species in the Netherlands occur on the Red Data List (Osieck & Hustings 1994). 
Large-scale habitat destruction and habitat degradation, e.g. water pollution, 
unfavourable management practices and disturbance by recreational activities, have 
caused a decline in population numbers and distribution. Moreover, marshland 
habitat is increasingly fragmented. Conservation plans are being issued seeking 
solutions to restore and preserve viable populations (Den Boer 2000; NPP 1990). 
Several studies suggested a negative effect of fragmentation on the occurrence of 
marshland bird species (Brown & Dinsmore 1986; Opdam et al. 1994; Foppen et al. 
1999), and this notion prompted the exploration of spatial planning options to 
counteract these effects. Our analyses demonstrate which spatial characteristics of a 
landscape explain incidence and abundance. Key factors, that are suggested for 
occurrence and persistence of species in spatially structured populations are dispersal 
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capability (Mac Nally & Bennett 1997; Wiens 1994; Opdam 1991) and density (Soule 
et al. 1988; Bolger et al. 1991; Mac Nally & Bennett 1997; Telleria & Santos 1999). 
Using our empirical data we tested the hypotheses that species with a large dispersal 
capability and a high density are less susceptible for negative effects of fragmentation. 
Furthermore, we used the results to develop a simple landscape diagnosis index to 
predict under what spatial conditions marshland landscapes become and remain 
sustainable. 
Methods 
Study sites and data collection 
Species distribution data were used to assess incidence and abundance on a habitat 
patch level and were subsequently related to patch area, habitat quality characteristics 
and patch isolation. 
Three data sets were used, representing two study areas and six species (Table 
2.1, Figure 2.1). Data on the study sites in Zealand Flanders were collected from 
vegetation maps and maps with breeding bird territories (Vergeer & Van Zuijlen 
1994). The region is characterised by many creaks (with reed beds) in a heavily used 
agricultural landscape (arable fields). The vegetation maps (scale 1:10.000) provided 
the location of reed vegetation and additional habitat information (Table 2.2). 
Marshland patches in the periphery of the study area along the border with Belgium 
were included in the habitat map to allow the calculation of spatial characteristics on 
the required scale Because the data were collected in 1985 in the western part and in 
1991 in the eastern part, we analysed them separately. 
In the second study area, a region in the southern part of the province of 
Gelderland (Figure 2.1), field data were collected during a two year survey (1993-94). 
This study area is situated in a riparian landscape with a few large marshlands along 
river side channels and in riparian clay-pits, and numerous small marshland elements 
dispersed in an agricultural landscape dominated by meadows. Besides breeding bird 
distribution, information was gathered of various habitat quality features of the 
marshlands (Table 2.2). 
In both study areas, breeding birds were mapped following the method of 
Hustings and co-workers (1985). About 90% of the total area of available habitat was 
mapped. An overlay of the reed vegetation map and the territory map provided 
presence/absence for a unit and a score of breeding territories (Figure 2.2). In total six 
species, four per area, were selected for analysis based on habitat preference (strictly 
limited to reed vegetation) and abundance (Table 2.1). 
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Figure 2.1 
Location of the study areas in the Netherlands. 
Figure 2.2 
Example of a distribution map. The presence of reed buntings in reedland patches in 
Zealand Flanders. In black the habitat patches were the reed bunting was absent, in 
white the patches were the reed bunting was present and in grey the patches with no 
data. The solid line indicates the border between the data set of the western and the 
eastern part 
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Table 2 .1 . 
Characteristics of the three data sets 
Location 
Area 
Years of survey 
Percentage marshland 
Percentage reed 
habitat 
Number of habitat 
patches (species 
dependent) 
Species in analysis 
Type of bird data 
Source of habitat 
location data 
Type of additional 
habitat data 
Dependent variables 
Data set 1 
Zealand Flanders west 
+ 550 km2 
1985 
5% 
< 1 % 
112-119 
bluethroat 
Euscinia svecica 
reed warbler 
Acrocephalus scirpaceus 
sedge warbler 
Acrocephalus schoenobaenus 
reed bunting 
Emberi^a schoeniclus 
mapping breeding 
territories in reedland 
patches 
Vegetation maps 
global, from 
topographical and 
vegetation map 
presence/absence 
abundance index (count 
of breeding territories) 
Data set 2 
Zealand Flanders east 
± 500 km2 
1991 
5% 
<1.5% 
70-73 
bluethroat 
Euscinia svecica 
reed Warbler 
Acrocephalus scirpaceus 
sedge warbler 
Acrocephalus schoenobaenus 
reed bunting 
Emberi^a schoeniclus 
mapping breeding 
territories in reedland 
patches 
Vegetation maps 
global, from 
topographical and 
vegetation map 
presence/absence 
abundance index (count 
of breeding territories) 
Data set 3 
Province of Gelderland 
± 3000 km2 
1993 and 1994 
2% 
< 0.1% 
97-279 
bluethroat 
Euscinia svecica 
penduline tit 
Remi^pendulinus 
reed warbler 
Acrocephalus scirpaceus 
great reed warbler 
Acrocephalus arundinaceus 
mapping breeding 
territories in reedland 
patches 
Field survey of reed 
vegetation 
detailed, field survey 
data per vegetation unit 
presence/absence 
abundance index (count 
of breeding territories) 
For every species a selection was made of the reed patches that could be considered 
suitable habitat. This was based on habitat characteristics such as the presence of reed 
in early succession stages (e.g. important for great reed warbler) and minimal size 
requirements for a breeding pair. All habitat elements were digitised and saved in a 
Geographic Information System (ArcView). Rather than using these elements or the 
observed territories as the units for the analysis we used patches of continuous habitat. 
Habitat elements located within 200 meter of each other were clustered, assuming that 
small songbirds, like the reed warbler, cross distances within their breeding territory 
up to that distance (Borowiec 1992). Elements clustered in this way represent a 
habitat patch for a local population. It is assumed that within a local population 
random mating takes place and spatial relations with other patches only play a minor 
role in the local dynamics (Verboom 1996). We got a variable number of patches (70-
279) depending on the habitat preferences of the species (Table 2.1). The median 
patch size was less than 1 ha. An important explanatory variable for incidence and 
abundance in a patch is patch area. However, reed warbler and great reed warbler 
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show a preference for edges of a reed bed and thus edge length is used as the best 
indicator for the size of a patch (Graveland 1998; Foppen et al. 2000). 
Habitat quality features provide another important set of potential explanatory 
variables. Only a limited set of these habitat quality features was available for analyses. 
Based on known habitat preferences from literature and expert knowledge we selected 
and included some of these features. We assumed that in general the spatial variables 
and habitat quality variables were not correlated, thus variance due to habitat quality 
effects only added to the white noise and did not influence (e.g. mask or, on the 
contrary, enhance) the effect of patch connectivity. 
As a measure of isolation we calculated the patch connectivity value (Hanski 
1994a; Vos et al. 2001; Verboom et al. 2001). Patch connectivity (G) is a weighted sum 
of all habitat patches in a radius of x kilometres around the chosen patch, x depending 
on the dispersal capacity of a species (Hanski 1994a; Verboom et al. 2001; Foppen et 
al. 2000): 
xe 
where Aj is the size of a surrounding clustery, Dij is the distance between centre 
point i and cluster j . The value of Of is a weighing factor determining the effect of 
distance to the contribution of a surrounding patch. It is based on a judgement 
concerning the dispersal capacity of small songbirds and is estimated based on 
dispersal data (e.g. Paradis et al. 1998). Because of the uncertainty in these figures 
besides this estimated value, a range of OC values (0.05-2) was calculated and used in 
the analyses. 
Regression analysis 
Incidence and abundance of a marshland species in a patch was linked to the patch 
characteristics mentioned above. The statistical package GENSTAT (Genstat 5 
committee 1993) was used for regression analyses. Two statistical models were used, 
based on the type of response variable: 
(1) a logistic model, explaining incidence in a patch with values 0 (absence) and 1 
(presence), 
(2) a loglinear Poisson model, explaining the abundance index with count of 
territories within a patch. 
Whether isolation contributed significantly to the regression model was tested 
using a three-step regression method (Van Apeldoorn et al. 1992; Foppen et al. 2000). 
In the first step, differences in the patch size were accounted for. Size (either area or 
edge length) was used in a null-model to account for the effects of random sampling 
(Verboom et al. 1991; Haila et al. 1993; Andren 1996) and also as an explanatory 
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variable. Next, the model was extended with habitat quality and the variable patch 
connectivity was added. The distribution of the bluethroat in the Gelderland study 
area showed a clear boundary. In the north-eastern part of the study area the species 
was absent, even in the larger marshlands. This effect could also be observed on a 
larger, national, scale (Hustings et al. 1997). To compensate for this biogeographical 
effect we excluded all the patches where the species was absent in calculating the 
patch connectivity value. 
Table 2.2 
Description of the explanatory habitat quality variables used for the analyses 
short notation habitat parameters 
area 1 and 2, Zealand Flanders 
ORIGIN (2) origin typology of reed patch(creak, fish pond etc.) 
SHAPE (3) shape of reed patch (linear and small or reed bed) 
SHRUB (4) presence of shrub (> or < than 5%) 
WATER (5) presence of open water (visible on topographic map) 
area 3, Gelderland 
TYPE (6) type of reed vegetation (e.g. ditch, reed bed or water edge) 
WIDTH (7) width of the reed vegetation in classes 
AREA WATER (8) area of water adjacent to the reed vegetation in ha 
WATER E D G E (9) length of edge between water and reed vegetation in meters 
OLD (10) percentage of reed vegetation not mowed or burned (unmanaged) 
DRY (11) percentage of terrestrial dry reed vegetation 
DENSITY (12) density of the reed stems in classes 
SHRUB (13) amount of shrub in 100 meter radius around patch borders (in classes) 
FOREST (14) amount of forest in 100 meter radius around patch borders (in classes) 
Results 
Comparing species 
The percentage of occupied patches was highly variable between areas and species 
(Table 2.3). The reed warbler was the most numerous marshland bird (90% of the 
patches occupied) and the great reed warbler and penduline tit were the rarest (around 
10% occupied). 
The regression results showed an ambiguous effect of 'extra' size, i.e. the size 
effect on top of the random sampling effect (included by the offset variable). In most 
cases no extra significant effect of area could be detected. For four species an extra 
negative area effect was found, indicating that the incidence (2 cases) or abundance (5 
cases) in larger marshlands was lower than expected. 
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Table 2.3. 
Characteristics of the studied species and their occurrence in the study areas 
data set 1. 
reed warbler 
sedge warbler 
reed bunting 
bluethroat 
data set 2. 
reed warbler 
sedge warbler 
reed bunting 
bluethroat 
data set 3. 
reed warbler 
great reed 
warbler 
penduline tit 
bluethroat 
total area 
mapped 
(ha) 
243 
243 
243 
223 
171 
171 
171 
162 
268 
150 
258 
258 
number 
of 
habitat 
patches 
112 
112 
112 
119 
73 
73 
75 
70 
279 
97 
269 
269 
% 
habitat 
cover 
0.66 
0.66 
0.78 
0.62 
0.72 
0.72 
1.23 
0.80 
0.08 
0.05 
0.08 
0.08 
median 
size 
(ha) 
0.7 
0.7 
0.7 
0.6 
0.6 
0.6 
0.6 
0.9 
0.1 
1 
0.12 
0.12 
range in 
size (ha) 
mapped 
0.01-23 
0.01-23 
0.01-23 
0.04-22 
0.02-26 
0.02-26 
0.02-26 
0.01-13 
0.003-27 
0.1-27 
0.01-27 
0.01-27 
total 
number 
pairs 
2187 
183 
466 
132 
1008 
68 
206 
178 
2000 
22 
46 
85 
% 
occupied 
79 
30 
65 
37 
78 
18 
60 
71 
79 
10 
8 
8 
mean 
patch 
connect 
ivity 
9.13 
9.13 
9.26 
10.52 
9.04 
9.04 
9.53 
10.50 
7.01 
6.41 
8.68 
In most analyses one or more habitat quality parameters were significant. For almost 
all species the analyses showed a clear effect of patch connectivity on both occurrence 
and density (Table 2.4). To illustrate the effect of patch connectivity and patch size on 
incidence, predictions were made for each analysis with a significant effect (Figure 
2.3). For a patch with a certain size and patch connectivity value, assuming a fixed 
habitat quality, the incidence was calculated. The results showed three different types 
of responses: (1) graphs indicating that for patches with a large size the effect of patch 
connectivity is almost zero (reed warbler, reed bunting, bluethroat in dataset 2) 
whereas for small patches the effects are large, (2) graphs indicating that small patches, 
even with a high patch connectivity remain empty (bluethroat and penduline tit in 
dataset 3), 3) graphs indicating that in the most isolated patches even large patches 
remain empty (great reed warbler). Accordingly the average probability of occupation 
in a patch decreases from top to bottom. 
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reed w arbler data set 3 reed w arbler data set 2 
O * 
E" c 
connectivity connectiriy 
reed bunting data set 1 bluethroat data set 2 
Z" c 
connectsriy 
bluethroat data set 3 pendulinet tit data set 3 
connec t s i y 
great reed warbler data set 3 
connectiviy 
Figure 2.3 
Predictions of incidence for combinations of area/perimeter and patch connectivity with three 
different response types (see text). 
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Comparing landscapes 
A first step from species to landscape level is by comparing occupied and unoccupied 
patches between landscapes. Average values for occupied and empty patches showed 
that occupied sites are larger than unoccupied sites and less isolated (Figure 2.4). On 
average, combining all species, unoccupied patches were around 0.25 ha or had a 
perimeter of about 250 m to 1.4 ha/ 1000 m for occupied patches. The steeper the 
lines in figure 2.4 the larger the effects of patch connectivity relative to patch area. 
Only for the bluethroat in Zealand Flanders west the results were opposed to the 
prediction. A further general observation was that the data set showing the largest 
effects of fragmentation, data set 3 (Gelderland), approximately had a 10 times lower 
habitat cover % than the areas in Zealand Flanders. In Gelderland all species showed 
a significant effect of patch connectivity, while in the two other data sets this was less 
than 50% (Table 2.4). 
11 
B 
o 
<s> 
c 
c 
o 
o 
CD 
Q. 
10 
bluethroat 
bluethroat 1 
reed bunting 2 
sedge w arbler; 
11 
o 
CD 
c 
c 
o 
o 7 -
reed w arbler 2 
reed w arbler 1 
great reed warbler 3 
w arbler 3 
In patch area 
5 6 7 8 
In patch perimeter 
Figure 2.4 
Comparison of the average patch connectivity and patch size for occupied (closed dots) 
and unoccupied (open dots) patches. A. Species for which the amount of habitat is 
expressed as patch area. B. Species for which amount of habitat is expressed in patch 
edge length (perimeter of the patch). 1 = data set Zealand Flanders west, 2 = data set 
Zealand Flanders east, 3 = data set Gelderland 
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Comparing species traits: effects of population density and 
dispersal capacity 
To test the assumption that species with large dispersal capacity are less susceptible to 
fragmentation effects, we arranged the species according to their estimated average 
dispersal distance and indicated whether or not an effect was found in the various 
landscapes. There was no apparent correlation between dispersal capability and the 
probability of finding an effect (Table 2.5). 
We also tested the assumption that species with high densities show weaker 
responses to fragmentation. The results however do not support this hypothesis, 
significant effects of the patch connectivity variable were found at low and high 
densities (Figure 2.4, Table 2.5). 
Some of the results are contrary to our predictions. The sedge warbler shows a 
low percentage of occupation (< 50%), however no significant effects of patch 
connectivity were detected. The bluethroat in the western part of Zealand Flanders 
shows a similar effect; although the percentage of occupation is lower than in both 
other data sets, the analysis did not show a significant effect of patch connectivity. 
Table 2.5. 
Summary of regression results in relation to dispersal capacity of the species , expressed 
as estimated median dispersal distance and the territory density, expressed as number of 
territories per area of suitable habitat. In bold the species that showed a significant 
effect of connectivity on either incidence or abundance. The numbers behind the 
species name refer to the data sets. 
average 
patch 
density 
<1 
1-5 
>5 
dispersal capacity ( 
2-5 
sedge warbler 1 
sedge warbler 2 
reed warbler 2 
reed bunting 1 
reed bunting 2 
reed warbler 1 
reed warbler 3 
in km) 
5-10 
bluethroat 1 
bluethroat 3 
bluethroat 2 
10-20 
great reed 
warbler 3 
>25 
penduline tit 3 
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Seeking simple landscape indices and thresholds for fragmentation 
The results show that in more than half of the regression models patch connectivity 
had a significant explanatory effect on species occurrence and abundance. There was 
no consistent pattern in the response of a species in relation to dispersal capacity or 
density. Can we define better unifying indices that help us to find universal thresholds 
for persistence? 
4.50 
4.00 
3.50 
3.00 
2.50 
2.00 
1.50 
1.00 
0.50 
0.00 
-
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-
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. 65 
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 #79 
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*60 
0.00 0.20 0.40 0.60 0.80 
average patch size 
1.00 1.20 1.40 
Figure 2.5 
Correlation between the habitat cover (in %) and the average patch size (in ha) for the 
different landscape and species combinations. The data labels represent the occupation rates 
(in %). 
We explored this by using simple landscape indices that describe the effects of habitat 
fragmentation on marshland bird occurrence (Vos et al. 2001). 
Vos et al. (2001), using modelling exercises in combination with empirical data 
sets over a wide range of species, proposed a 50% point of patch occupation as a 
universal empirical indicator for a serious threat of habitat fragmentation. The studied 
landscapes showed a high correlation between the habitat cover and the average patch 
size (Figure 2.5, R2= 0.96). The fraction of occupied patches showed no relation to 
either of these neutral landscape indices (Table 2.6). For instance, the reed warbler 
with similar average patch size and habitat cover as the great reed warbler showed a 
much higher fraction of occupied patches (78 vs 10%). This indicates that both 
indices cannot be applied as predictors of patch occupation. 
Vos et al. (2001) proposed two ecologically-scaled landscape indices (ESLI) as 
an alternative to neutral landscape indices. Average patch carrying capacity is an 
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estimate of the number of territories per patch, based on patch size and the individual 
area requirements of a species. This index reflects patch-size related extinction risk. 
Average patch connectivity is an index that combines both species and landscape 
characteristics and serves as an indicator for colonisation probabilities. 
-2.00 0.00 2.00 4.00 6.00 
average patch carrying capacity 
Figure 2.6 
The ESLI 'average patch carrying capacity' and the fraction of occupied patches. In 
black dots the species with significant connectivity effects on incidence or abundance, 
open dots: no significant effect. In the dotted circle the two analyses of the sedge 
warbler that were excluded for the prediction of the logistic regression line. 
For the average patch carrying capacity we used estimates from literature for the 
individual area requirements for each of the species involved in our analyses. The 
obtained ESLI values did not correlate well with occupation probability (Figure 2.6, 
Table 2.6). However, excluding the data of the sedge warbler, two clear outliers in our 
dataset, improved the correlation. A logistic curve predicted a maximum occupation 
rate at about 7 5 % (Figure 2.6, Table 2.6). The average patch connectivity did not 
correlate with patch occupation (Table 2.6) 
Table 2.6 
Correlation results of various landscape indices with fraction of occupation (see also 
Figure 2.6). 
Indices type of relation R2 
landscape indices (LI) 
average patch size linear 0.35 
%habitat linear 0.24 
Ecologically scales landscape indices (ESLI) 
average patch connectivity linear 0.12 
average patch carrying capacity (all data) logistic 0.45 
average patch carrying capacity (excluding sedge warbler) logistic 0.92 
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Using the average patch carrying the 50% occupation threshold was reached an 
average patch carrying capacity of around 2.5-4.5 pairs (Figure 2.6). Because in our 
marshland bird landscapes average patch size and habitat cover are highly correlated 
we also can express this in terms of density: the threshold then is about 1 pair per km2 
landscape. 
Discussion 
D o pattern analyses deliver useful fragmentation indicators? 
In evaluating the results of the regression analyses it is important to know what the 
statistical power is to detect significant effect of spatial variables. Andren (1996) 
showed that in landscapes with less than 10% suitable habitat a high probability exists 
that a difference is detected between a model based on the random sample hypothesis 
and a model including spatial explanatory variables. This condition is met for our 
study landscapes, the habitat cover percentage is well below 10%. Furthermore, 
sufficient variation in patch size and patch connectivity is needed to find an existing 
effect of spatial configuration on occurrence. We believe that also this condition is 
fulfilled in our studies. However, although we found a convincing number of cases 
with significant effects of connectivity, indicating the importance of spatial variables 
for explaining occurrence, the link between regression results and spatial variables of 
the landscape is feeble. 
It is recognised that pattern analyses, like the ones we have carried out, have 
several important drawbacks (Verboom et al. 2001; Vos et al. 2001). Firstly, they 
consist of snap shot data that do not reveal the spatio-temporal dynamics of a 
population. For instance, it is important to know whether source-sink dynamics apply 
(Pulliam 1988). For the aim of our study, however, we consider this of minor 
relevance. Secondly, not all of the important parameters explaining occurrence were 
included. Although we added and tested various habitat quality measures, there are 
more, even important ones, for which no information was available. One might draw 
erroneous conclusions if the degree of fragmentation is correlated with an important 
habitat quality parameter not included in the model. However, some of the habitat 
quality variables probably are related to patch size and thus explain part of the 
variance (see e.g. Foppen et al. 2000). We think it is fair to assume that habitat quality 
variables did not interact with patch connectivity in such a way that erroneous 
conclusions were drawn. Thirdly, time lag effects (often referred to as extinction debt, 
see Tilman et al. 1994) may lead to populations that are in disequilibrium with their 
surroundings. As a consequence, observed occupation patterns might not be a good 
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reflection of the landscape configuration. We suspect that this explains the deviating 
results of the sedge warbler analyses. Although the species was quite rare, there were 
no significant effects of patch connectivity on occurrence. Furthermore, the data for 
the sedge warbler were clear outliers in a plot correlating the percentage of habitat 
with the ESLI average patch carrying capacity. The expected fraction of occupation 
was much lower than predicted on the basis of a decrease in the total metapopulation 
size due to unfavourable wintering conditions in Africa in the seventies and early 
eighties (Foppen et al. 1999). This sudden population catastrophe probably resulted in 
a short-term disruption of metapopulation dynamics and is an example of a time-lag 
effect. For the other species we do not know of such apparent factors affecting 
population size. 
We doubt whether statistical reasons caused the absence of significance. The 
field sample size and the variation in the explanatory variables was sufficient to allow a 
powerful analysis. This is supported by the fact that we could detect significant effects 
in related species occurring in the same landscapes and patches. 
Are marshland birds vulnerable to fragmentation? 
It has often been hypothesised that species of dynamical ecosystems, like marshlands 
might be less vulnerable to fragmentation than species of low dynamical systems like 
forests (Opdam 1991; Andren 1994; Mac Nally & Bennett 1997). Testing this 
hypothesis proves to be quite difficult since there is an enormous bias towards studies 
on forested areas, both in tropical and in temperate zones (Lynch & Whigham 1984; 
van Dorp & Opdam 1987; Opdam 1991; Andren 1994; Villard et al. 1999; McCollin 
1993). The studies available showed that for a wide variety of species spatial cohesion 
of the habitat was an important explanatory variable for fragmentation related 
phenomena, particularly in landscapes where the percentage of habitat cover is low 
(<10%). (e.g. Opdam 1994; Villard et al. 1999). In landscapes with higher amounts of 
forest the random sampling hypothesis usually adequately explains the lower observed 
numbers and patch occupancies of habitat fragments (Andren 1994, 1996; Villard et 
al. 1999; Fahrig 1997). 
In our sites of study the percentage of habitat cover was very small (< 5%). 
This increased the likelihood that negative impacts of fragmentation on occurrence 
can be found, a notion to keep in mind when comparing our results with those of 
studies in forest habitat. Based on our results we are inclined to reject the hypothesis 
that marshland birds are less vulnerable than forest birds. For five out of six species 
effects of fragmentation were found. Even for the most numerous species, the reed 
warbler, significant effects were found. The effects were consistent, in many cases 
highly significant and the fraction of species showing significant results were 
comparable to those reported for e.g. forest birds in the Netherlands (Opdam 1991). 
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It is difficult to compare the effect sizes because this depends on the characteristics of 
the study sites. Other studies concerning marshland birds (on the reed and the sedge 
warbler) suggested that marshland bird species in the Netherlands occur in 
metapopulations and that spatial variables are important in explaining distribution 
patterns (Foppen et al. 1999; Foppen et al. 2000). For the reed warbler the data set of 
Gelderland was used for an analysis of colonisation/extinction data. Using the 
turnover data for the two years of study (1993-94) revealed a significant effect of 
patch connectivity on the probability of recolonisation, a clear indication that the 
species in this study area occurs in a metapopulation situation (Foppen et al. 2000). 
Our results indicate that this probably applies for a larger set of marshland birds. 
A quite persistent opinion is that migratory birds are less vulnerable to 
fragmentation effects because of their supposedly high mobility (Andren 1994; Mac 
Nally & Bennett 1997). This in spite of a growing body of evidence that migratory 
species also show effects of spatial parameters, like the degree of isolation, on 
occurrence and abundance (Villard et al. 1992,1999; McCollin 1993). None of the six 
species we studied here were sedentary, four are trans-Saharan migratory species. We 
will not dispute the fact that migratory birds are not physically able to cross the inter-
patch distances. However, it is observed that median dispersal distances of many 
migratory species are quite limited (Paradis et al 1998; Foppen & Graveland 1999). 
Several studies, including studies on reed and sedge warbler (Catchpole 1972) 
indicated that the essential dispersal process probably takes place in autumn, in the 
post-fledging period, rather than in spring. Thus, the process and timing of dispersal 
for many migratory species is comparable to sedentary species. Consequently, the 
choice of a future breeding site is influenced by natal patch size and the availability of 
habitat patches in the surroundings. In principle, this makes them equally vulnerable 
to negative impacts of fragmentation as sedentary species. It seems more important to 
judge the reluctance of species to e.g. cross open places and the willingness to follow 
habitat linkages, like corridors with suitable habitat, during their dispersal. 
Simple landscape indices and their implications for marshland bird 
conservation 
It is a task for landscape ecologist to provide guidelines to identify the species that are 
vulnerable to fragmentation (MacNally & Bennett 1997; MacNally et al. 2000) and, 
furthermore, landscape fragmentation indices that can be used for planning purposes 
(Opdam 2001; Wiens 1997). A wide variety of simple landscape indices has been 
proposed to describe the degree of fragmentation of a landscape (Franklin & Forman 
1987; Gustafson 1988; Andren 1994). It has been suggested that certain thresholds 
can be distinguished, expressed in landscape characteristics, linking the degree of 
fragmentation to population persistence (Villard et al. 1999; Fahrig 1997; Andren, 
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1994,1996; Bascompte & Sole 1996). However, modelling and empirical evidence 
strongly suggests that there is no universally applicable viability threshold, e.g. 
expressed as the fraction of suitable habitat (Vos et al. 2001, Villard et al. 1999). 
Moreover, many of the proposed landscape indices lack any explicit relationship to 
ecological processes (Vos et al. 2001). Vos et al. (2001) developed ecologically scaled 
landscape indices (ESLI) as an alternative to general landscape indices. The indices 
developed are based on two aspects of the ecology of species that have been widely 
proposed as key factors in persistence of species in spatially structured populations: 
dispersal capability (Mac Nally and Bennett 1997; Wiens 1997; Opdam 1991) and 
density (Soule et al. 1988; Bolger et al. 1991; Mac Nally & Bennett 1997; Telleria & 
Santos 1999). To test the validity of the proposed ESLI's, Vos et al. (2001) used 
empirical data from plant species, invertebrates (butterflies, grasshoppers), 
amphibians, mammals and birds. Average patch carrying capacity and connectivity 
proved to be very useful indicators for occupancy. 
Our results confirm the predictive value the ESLI average patch carrying 
capacity as introduced by Vos et al. (2001) for occupation rates of marshland 
passerines. What is the predictive value of our results? Is the threshold value of 2.5-4.5 
territories for the average patch carrying capacity applicable for other bird species? 
Results of pattern analyses for a large marshland bird, the bittern Botauris stellaris, and a 
forest passerine, the European nuthatch Sitta europaea, corroborate our results: both 
show an occupation rate of almost 50% and an average patch carrying capacity of 
resp. 3 and 3.5. 
We did not find an effect of the second ESLI, average patch connectivity. We 
believe that this is at least partly caused by the strong linear relationship between the 
percentage of habitat cover and the average patch size. Because habitat cover is an 
important variable determining the connectivity, this correlation hampers an analysis 
estimating the relative contribution of size and connectivity. Other studies predicted a 
non-linear relationship (Andren 1994, 1996; Franklin & Forman 1987), but this was 
based on a range in habitat cover of 0-100%. It is interesting to test whether this linear 
relationship will hold in other highly fragmented landscapes (below 10% habitat 
cover), like many of the fragmented landscapes in Western Europe. Another 
explanation for the lack of correlation between fraction of occupation and average 
patch connectivity lies in the fact that among our group of passerines the variation 
between average patch connectivity is too small and thus the statistical power of the 
test is too low. 
In conclusion, we consider ESLI 's a useful instrument for the diagnosis and 
solution of habitat fragmentation problems. The implications for nature conservation 
are that marshland bird landscapes can be screened for sustainability without the need 
for exact distribution data. Data for a variety of species and landscape types need to 
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be analysed to test the universal applicability of the ecologically scaled landscape 
indices. The approach presented here is only one of the ways to use ecological and 
empirical data to develop a tool for landscape managers and conservation planners. 
We advocate to invest also in approaches linking analyses of empirical data with 
population modelling approaches to develop rules and standards for sustainable 
landscapes (Bascompte & Soule 1996; Wiens 1997; Vos et al. 2001; Verboom et al. 
2001). 
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3 Survival and dispersal in a decl ining population 
of the great reea warbler {Acrocephalus arundinaceus) 
Summary 
1. We conducted a 7-year study (1994-2000) in the largest population of the great 
reed warbler Acrocephalus arundinaceus in The Netherlands (150 territorial males) 
with the aim to describe and quantify survival and dispersal rates. 
2. In total 1158 individuals were colour-ringed, 989 juveniles of unknown sex, 128 
males and 41 females. Almost 300 resightings provided the data for a mark-
recapture analysis with the program MARK. 
3. The best model for survival and capture probabilities included age, sex and year. 
Survival was highest in the first two years and then remained constant for four 
years at a 25% lower level. Adult males showed the highest and most reliable 
annual survival rates (54-78%), followed by adult females (33-60%), juvenile males 
(21-43%) and juvenile females (10-25%). 
4. Frequency distributions of observed dispersal distances showed that most adult 
males remained within 3 kilometres from the former breeding site (median 
distance = 658 m), most juvenile males and females remained within 15 
kilometres of the nesting site (median distance resp. 3400 and 3700 meters). 
5. Emigration rates were derived by dividing the main study area in six almost 
equally sized parts and estimating local survival in these parts and in all 
combinations of adjoining parts. The emigration rate of adult males was less than 
40% in an area with a length of reed vegetation of around 2.5 kilometres. For 
adult females and juvenile males this was twice as high, for juvenile females this 
was three times as high. 
6. Available data do not allow the conclusion that the decline in numbers during the 
study period may be explained by either a change in survival rates, or a change in 
reproduction rate. 
7. These demographic data will be used to formulate a metapopulation model for 
the great reed warbler. Such a model will be a useful tool either for a spatially 
explicit population viability analysis (SPVA) or as a predictive tool for evaluating 
the consequences of various marshland 
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Introduction 
In many parts of Europe marshland bird populations are threatened (Tucker & Heath 
1994). Particularly in Western Europe many species decline (Bibby & Lunn 1982; 
Schulze-Hagen 1993; Graveland 1998). In The Netherlands, a country with a high 
diversity of marshland bird species, more than half of the species associated with 
freshwater marshland, appears on the Red List (Den Boer 2000). Most of the reasons 
suggested for the decline are associated with habitat loss, due to land use changes and 
ineffective management (Den Boer 2000). This has created a highly fragmented 
system of marshlands. Increasing fragmentation has led to an additional loss of the 
population for several reed dwelling bird species in The Netherlands (Opdam et al. 
1995; Foppen et al. 1999; Foppen, Chardon & Liefveld 2000; R.P.B. Foppen, 
unpublished results). The situation around the great reed warbler (Acrocephalm 
arundinaceus Linnaeus) illustrates this notion. This migratory songbird has become 
quite rare in North-western Europe (Tucker & Heath 1994). In The Netherlands it 
declined from more than 10.000 territorial males in the 1950s to approximately 350 
males at present (Graveland 1998; Van Dijk 1999). During the breeding season this 
species is strongly associated with early succession stages of reed along lakes and 
watercourses (Graveland 1998). The availability of this type of habitat decreased 
during the last decades in The Netherlands and elsewhere in Europe probably mainly 
due to euthrophication and unfavourable water table management (Ostendorp 1993; 
Graveland 1998). Suitable habitat sites are scarce, small and highly fragmented. 
In The Netherlands the great reed warbler is so endangered now that question 
arises whether the remaining populations are viable. To assess viability of animal 
populations, the use of a Population Viability Analysis (PVA) has gained much 
support (Soule 1987, Brook et al. 1997, Gilpin & Soule 1986; Lindenmayer et al. 1995; 
Boyce 1992; Beissinger & Westphal 1998). For this analysis it is vital to understand the 
dynamic demographical processes of survival and recruitment (Gilpin & Soule 1986; 
Verboom 1996). However, in case of the great reed warbler occurring in a fragmented 
marshland landscape, populations may occur in network populations or 
metapopulations (Opdam 1991; Hanski 1999). Understanding the dynamics of such a 
metapopulation requires spatially realistic Population Viability Analysis (SPVA) 
(Verboom et al. 2001; Lande 1988, Lankester et al. 1991; lindenmayer & Possingham 
1995; Beissinger & Westphal 1998; Hanski 1999). 
We developed a framework for population modelling, called METAPHOR, 
that meets the demands of a SPVA (Foppen et al. 1999; Foppen, Chardon & Liefveld 
2000). Within this framework a metapopulation model for the great reed warbler was 
developed (Reijnen et al. 1995). The model predicts the viability of a spatially 
structured population. A sensitivity analysis demonstrated the need of having a reliable 
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quantification of the number of emigrants (J. Verboom, unpublished data). However, 
empirical data concerning emigration rates are hard to obtain from field studies, as is 
reflected in the lack of data in literature. To improve the reliability of the model, we 
focussed research efforts on estimating essential parameters of the dispersal process. 
In this paper we present the results of a 7-year colour-banding study on the 
great reed warbler in The Netherlands. The main objective of the study was to 
estimate survival and emigration rates and to describe the extent of the dispersal 
events. 
Methods 
The study was conducted along the borders of lake IJsselmeer, in the north of The 
Netherlands (52°38'N,5°55'E) (Figure 3.1). Due to land reclaims from this lake a 
chain of long-drawn smaller lakes remained (e.g. Zwarte Meer, Ketelmeer). The 
warbler habitat consists of reed beds along the borders of these shallow lakes. The 
total length of reed beds in the study area was about 40 kilometres. The width of the 
reed beds varied, but the great reed warbler typically nested in the outer 10-25 meters 
of the reed vegetation, in reed standing in the water (Graveland 1998). Yearly, about 
175 breeding pairs occurred in this region, which represents more than 50% of the 
Dutch population. In the main study area (the lakes Zwarte Meer and Ketelmeer, 
Figure 3.1), during 1994-2000 adults and juveniles were caught and individually 
marked with colour bands. 
Adults (mainly males, some females) were caught by play-backing the song 
under a Japanese net in the reed. Juveniles were ringed in the nest just before fledging. 
It is assumed that in most years 80% of the adult men and 90% of the juveniles were 
colour-banded. The resighting rate for females is much lower, due to their elusive 
behaviour in the breeding season. Every spring season in the study area and up to 15-
20 kilometres from the main study area all sites with territorial males were visited and 
the individuals were checked for colour bands with binoculars and telescopes. In 
marshlands in other parts of The Netherlands with important local populations (>10 
pairs), individuals were checked for colour bands as well (Figure 3.1). We estimate 
that yearly more than 75% of the males of the Dutch population was checked. 
Banded males were usually identified at their song posts, females at the nests 
when they tended their young. Observations were plotted on digitised maps of the 
study area. With a GIS (ArcView) we calculated distances between location of banding 
and resighting. Only observations in subsequent years were used, except for juvenile 
males. Caused by a high percentage of polygynous males (up to 30%), a number of 
juvenile males will only establish a territory from their third year onwards (Cramp & 
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Brooks 1992). Consequently, we included the distances between natal site and 
resighting location in their second spring. 
lake 
zwarte meer 
, A I 
fl-it,' 
vossenieer 
river ijsse.l 
* .rm' 
\ 
2.5km , 
Figure 3.1 
Map of the main study area in Northwest-Overijssel and its location in The 
Netherlands (inset) showing the lakes where the ringing took place (Zwarte Meer and 
Ketelmeer). Observed territories of great reed warblers are indicated by black dots. The 
six rectangles for the emigration analysis are shown by ellipses comprising the linear 
stretches of reed belonging to a particular rectangle. The circles on the inset show the 
main populations of great reed warblers in The Netherlands that were regularly checked 
for colour bands. The large circle around the study area shows the region that was 
intensively checked. 
Survival model l ing 
We estimated local survival by analysing the data with the computer programs MARK 
and RELEASE (Cooch & White 1998). These programs analyse capture-recapture 
data with statistically based algorithms. Basic assumption of the underlying model is 
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that the probability that a marked individual is resighted is the combination of the 
probability that the individual has survived together with the probability that it can be 
observed in a given year (Lebreton et al. 1992). Models explaining the mortality can be 
fitted with various factors (Cooch & White 1998). The models used for mark-
resighting data assume a time-dependent Cormack-Jolly-Seber (CJS) model (Cooch & 
White 1998). We first tested whether the basic assumptions for a CJS model were met 
for our study. We applied a goodness-of-fit test to the data generated by a parametric 
bootstrap, i.e. simulating data using the parameter estimates of the survival model 
(Cooch & White 1998). With this measure the fit of the CJS model to the data was 
determined. Next, the program RELEASE was used to perform two standard tests 
(Burnham et al. 1987). Test 2 checked the assumption whether the survival and the 
recapture probabilities were equal among the different groups. Test 3 checked the 
assumption whether all marked individuals alive had the same probability of surviving 
to the next year. 
For model selection, to discriminate between the various models the Quasi 
Akaike's Information Criterion (QAIC) was used (Lebreton et al. 1992, Cooch & 
White 1998, Andersen & Burnhaml999). This criterion is a combination between a 
maximum likelihood approach, using the change in deviance between models, and the 
number of parameters in the model. Nested models also can be tested against each 
other using the Likelihood Ratio Test (LRT); we decided to use this test only to 
confirm the AIC testing and in cases where the change in QAIC is smaller than three 
{sensu Andersen & Burnhaml999, Cooch & White 1998). 
We started with a set of a priori models. Models were constructed with the 
parameters age, sex and year. Besides the individual years we also checked a model 
with a different resight rate in two periods, 1994-97 and 1998-2000. This was based on 
the fact that we considered the resighting effort in the first three years constant and 
higher than in the following years. Next, the best of these models was tested by fixing 
the parameters in the resighting part of the model. Finally, the best of this new set of 
models was tested by varying the survival part of the model. In this latter case we not 
only tested the full model, but also models without the interactions. 
Emigration estimates 
A problem in analysing mark-recapture (or resighting) data is the difficulty to 
distinguish between mortality and displacement (as result of a dispersal event), see e.g. 
Schwarz (1993). Usually the calculated mortality is derived from the local survival, 
indicating that for a particular area it is not known whether an individual has survived 
outside this area or not. Various methods have been developed to unravel emigration 
and survival, resulting in models for fish populations (Nichols et al. 1993; Schwarz 
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1993), models using genetic data (Van Noordwijk 1993) and the models of Jackson 
and Manly (Jackson 1939; Begon 1979; Manly 1985). We used a modified approach of 
the latter because they are relatively simple to apply and are well-suited to the layout of 
our study area. In the original design of Jackson (Jackson 1939) the study area is 
represented as a square subdivided in four equally sized subsquares. For each 
individual it is known in which square an individual was born or held a territory in a 
given year. In every square the local survival can be calculated. This local survival 
chance can be described as: 
§ small = § fi-g) (1) 
^=S>(\-gl2) (2) 
with fyanankigi the local survival probability in a subsquare and the total square, 
respectively <)) the survival probability for the total population and g the emigration 
fraction from a subsquare, i.e. the fraction of individuals that are known to have 
emigrated. Parameter <|>, the survival without the emigration fraction for every square, 
is equal, since one can assume that survival is independent of the size of the squares. 
The emigration rate (g) however, will depend on square size. The emigration fraction 
for the large square is half of the emigration fraction of a subsquare, due to the fact 
that half of the individuals from a subsquare will end up in the large square. Knowing 
§ small and (j)^, allows to calculate <)) and g by solving the mathematical equation. 
We modified this approach using rectangles instead of squares because most of 
the habitat of the great reed warbler in the study area is linearly shaped and under the 
assumption that individuals are unlikely to move perpendicular to the reed vegetation 
outside the study site. This implies that individuals are not expected to disperse in 
every direction, but only longitudinally, from rectangle to rectangle. This assumption 
will only hold when it is likely that birds disperse directly from their breeding area or 
place of birth to their future breeding site. Although no information is available for 
great reed warblers, for several close relatives (reed warbler (A. scirpaceus Hermann) 
and sedge warbler (A. schoenobaenus Linnaeus) supporting evidence has been presented 
for this assumption (Catchpole 1972). 
The main study area, with the largest concentration of territories, the lakes 
Ketelmeer and Zwarte Meer, was an almost continuous stretch of reed. This area was 
split into six tracts, with a length of about 2.5 kilometre each. The size of each tract, 
representing a rectangle (from now on called basic rectangle) was chosen such that a 
minimum number of individuals was obtained in order to be able to calculate a 
reliable survival rate (at least 10 marked individuals). Furthermore, the distance 
between the centres of the tracts equalled at least the median dispersal distance. The 
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length of the basic rectangles was adjusted for habitat distribution, as lake shores 
without suitable habitat were neglected. It was assumed that great reed warbler 
movements were not hampered by "non-habitat stretches". For the main study area 
this was a reasonable assumption since the non-habitat stretches are small and 
scattered relative to the average dispersal distance (see also results). The equation for 
local survival in the square then changes in: 
<t> / rectangle = <j) (\ -g) ( 3 ) 
<|> 2 rectangles = § (I -g/2) (4) 
§ 3 rectangles = § fl'g/V (5) 
in general: ())
 t rectangles = (|> (i -g/i) = <|> - (ty*g/i) (6) 
Again, (|) i rectangles representing the local survival in a combination of/'basic rectangles, (j) 
representing the survival rate without emigration and g the emigration rate in a basic 
rectangle. For every basic rectangle and the pooled rectangles the survival was 
calculated. Consequently, for the six basic rectangles, six survival estimates were 
available, pooling two basic rectangles allowed five estimates, pooling three allowed 
four, and so on. Finally, this resulted in one estimate for the situation with all basic 
rectangles pooled (= local survival in the ringing area). It follows from equation 6 that 
a regression of the local survival (as response variable) on the reciprocal number of 
rectangles (as predictor variable) can be used to estimate total survival (intercept) and 
the survival*emigration fraction (regression coefficient). From the estimated survival 
coefficient the emigration rate for any rectangle can be calculated by: 
g(i) — regression coefficient /(§*i) (7) 
where g(i) is the emigration fraction from / rectangles and <j) the estimated survival rate. 
The emigration rates for the different rectangle sizes could be calculated with 95% 
confidence limits using the approach of Fieller (Finney 1964). 
Results 
Population size 
Since 1989 yearly counts were made of the number of territorial males in the region. 
We assume that this was a reliable measure for total population size and its 
fluctuations. Since 1989 the number of territorial males has gradually declined; from 
around 150 males in the early nineties to 80-90 at the turn of the century, a decline of 
about 40% (Figure 3.2). This decline appeared to be less prominent in the main study 
area. Although the fluctuations were larger, only in the last two years of the series the 
numbers seemed to decrease (Figure 3.2). 
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Figure 3.2 
Number of territorial males in the period 1989-2000. In white bars an estimate for the 
region (Northwest-Overijssel), in black bars an estimate for the study area (lakes Zwarte 
and Ketelmeer). 
N u m b e r of marked and resighted individuals 
In total 1158 individuals were colour-banded, 989 juveniles of unknown sex, 128 
males and 41 females (Table 3.1). In total 295 resightings were recorded. Most of 
them as adult, often more than once. As expected, most juveniles were never resighted 
(88%). Of the adults the males had the highest resight percentages, resp. 61-70% in 
the first three-year period and 24-38% in the second three-year period. Females were 
very elusive during the breeding season as depicted by the low resight percentages, 
resp. 18-43% and 0-18%. These figures, together with the data in Table 3.1, confirm 
the assumption that the resight probability during the second three-year period was 
lower due to less intensive field work. 
Table 3.1. 
Information concerning the number of ringed and observed great reed warblers in the 
main study area. 
year 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
total 
ringed as 
ad. male 
8 
50 
30 
16 
9 
15 
0 
128 
ringed 
as ad. 
female 
0 
7 
14 
5 
5 
10 
0 
41 
ringed 
as 
juvenile 
107 
143 
253 
229 
108 
149 
0 
989 
returned 
as male* 
18 
17 
22 
16 
3 
8 
-
84 
returned 
as 
female* 
7 
7 
8 
12 
2 
2 
-
38 
no. of 
juvenile 
resights** 
12 
24 
26 
24 
17 
18 
121 
ringed 
male 
population 
8 
61 
87 
84 
60 
51 
29 
380 
ringed 
female 
population 
0 
13 
25 
17 
9 
13 
5 
82 
no. of 
adult 
resights** 
-
5 
43 
50 
33 
28 
14 
173 
•returned, at least once, from this year juvenile cohort **for this particular year, irrespective 
of ringing year. 
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Dispersal distances 
Great reed warblers showed a rather limited dispersal (Figure 3.3) Most juveniles 
dispersed less thanlO kilometres, the median distance is 3700 and 3400 meters for 
males and females, respectively, the maximum was around 70 kilometres for both. 
Only 3 and 7 percent of the individuals were found at distances over 20 kilometres. 
The frequency distributions of juvenile males and females were not significantly 
different from each other (Kolmogorov-Smirnov test, p>0.10). It must be kept in 
mind that resighting probability at these distances is considered to be much lower than 
in the study area. However, because of the fact that most distances are well below 10 
kilometres and that in a radius of 10-20 kilometres around the main study area 
resighting efforts were equal and quite high, we consider that this bias in search effort 
has not severely influenced the results. Breeding dispersal distances were very limited 
for adult males. The median distance was 658 meters, only six percent of the males 
showed a breeding dispersal over 10 kilometres. For the adult females we only had a 
very low sample size {n~9), but the data obey a similar distribution. 
Survival rates 
The bootstrap and RELEASE tests showed that the basic assumptions for reliable 
modelling were not violated. The significance of departure from an adequate fit of the 
model to the data was p—0.80. Furthermore, it could be concluded that there was no 
overdispersion in our data, which makes it unnecessary to adjust the AIC values to 
QAIC values (Lebreton et al. 1992). 
The probability that a bird was resighted was equal for every distinguished 
group (Test 2). The assumption that catch history does not influence catch probability 
(Test 3) did not hold; however, this was caused by differences between juveniles and 
adults. The parameter sex was included in all of the models to account for this effect. 
The best basic model included the factors age, sex and year for the survival part and 
age, sex and period for the resight part (Table 3.2, model 2). 
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Table 3.2 
Basic information used in model selection for the capture -resighting data of the great 
reed warbler. Model notation according to Lebreton et al. (1993). <\> = survival 
probability, p = resight probability, a = age, s = sex, t = year, per = period. In bold the 
best models are indicated for the three model selection steps (see text). 
Model 
basic/ a priori models 
(1) (4> a*S*t , P a*s*t ) 
( 2 ) (4>
 a*s*t , P a*s*per ) 
(3)(<|>rt,p.*.) 
(4)((]>a*,,Pa*,) 
(5) (4> a*t , P a*per ) 
(6)(4>s*.,ps*t) 
(7) (*s*t ,p s*per) 
(8)(4>a,Pa) 
( 9 ) ( * . , P 0 
(10) (<p t ,P t ) 
( H ) ( 4 > t , P P e r ) 
(12)(4>.,p.) 
resight models 
( 1 3 ) ( * . v « , p , . 0 
(14) (4>
 a*s*t, P a*per ) 
(15) (4>
 a*s*t , P s«per) 
( i6 ) (< i> . v „p. ) 
(17)((|)a.S.,,ps) 
(18) ((J) a'S*t , P per ) 
(19) (<p a ^ t ,p . ) 
survival models 
( 2 0 ) (q) a+s+t , P a*s*per ) * 
( 2 0 ) (4> a*s , P a*s*per ) 
( 2 1 ) ( 4 > a + s , p a » s » p e r ) 
( 2 2 ) ((|)
 a*t , P a*s*per ) 
( 2 3 ) (4> a + t , P a*s*per ) 
( 2 4 ) ((J) s*t, P a»s*per ) 
( 2 5 ) (4> s+t , P a*s*per ) 
( 2 6 ) ((() a , P a*s*per ) 
( 2 7 ) (4> s , P a*s*per ) 
( 2 8 ) ( 4 ) t , P a * s * p e t ) 
( 2 9 ) ( ( ( ) . , P a m p e r ) 
A I C c * 
1639.1 
1630.0 
1649.0 
1656.8 
1650.9 
1651.9 
1669.8 
1679.9 
1756.7 
1803.7 
1800.2 
1828.9 
1636.8 
1633.5 
1644.3 
1634.9 
1650.3 
1647.6 
1648.5 
1612.3 
1620.3 
1618.3 
1622.7 
1618.5 
1652.5 
1645.8 
1622.2 
1646.5 
1654.8 
1653.7 
AAICc» 
24.31 
17.70 
36.68 
44.6 
38.7 
37.02 
57.6 
67.6 
144.4 
191.4 
188.0 
216.6 
24.6 
21.3 
32.1 
22.6 
38.0 
35.3 
36.2 
0.00 
8.05 
6.06 
10.41 
6.27 
40.26 
33.84 
9.93 
34.2 
42.53 
41.44 
AICc weightt 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.95 
0.00 
0.01 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
no. 
parameters 
43 
32 
8 
35 
16 
8 
16 
4 
4 
11 
8 
2 
28 
28 
28 
26 
26 
26 
25 
16 
12 
11 
20 
15 
20 
15 
18 
10 
14 
9 
deviance/ 
112.4 
126.4 
194.8 
147.0 
180.5 
197.7 
199.4 
233.8 
310.6 
343.4 
346.1 
386.8 
141.6 
138.3 
149.1 
143.8 
159.2 
156.5 
159.5 
141.8 
158,0 
158.1 
144.0 
150.1 
173.9 
177.4 
147.7 
188.2 
188.5 
197.5 
* Akaike Information Criterion (Lebreton et all992) 
* Difference in AIC with the best model 
t Akaike weights: index of relatively plausibility of the model (Anderson & Burnham 1999) 
f Deviance of the model, defined up to an additive constant 
* Best additive model of all possible alternative 
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Emigrat ion rates 
Although the best model estimated survival estimates per year, we could not calculate 
reliable yearly emigration rates due to insufficient data. T o allow for an acceptable 
number of records, we pooled the years into two equal time periods based on the fact 
that the yearly survival estimates in the first three years had a higher survival rate than 
in the latter. Hence, we fitted the model <\>
 a+s+Per, p a*s*Per, instead of <\> a+s+t, p a*s*per. 
This model performed better with a comparable AIC value (1615.1) than the best 
model (20) and gave very similar estimates for survival. Even for the smallest units 
(one rectangle) the number of ringed individuals was usually above 20 (Table 3.3). 
Only for adult females the number was low. In the largest unit -the combination of 
six rectangles- the number of ringed individuals was 50 -70% of the totals in the study 
area. Subsequendy, this model was used to calculate survival rates for all combinations 
of rectangles (21 possibilities). The fitted model gave eight estimates for survival and 
resighting probability (two sexes, ages and time periods). Next, the emigration rate was 
estimated by fitting a line through the survival estimates for the various rectangles. 
As an example, Figure 3.6 shows the calculated local survival for adult males in 
the different rectangles and the resulting regression for the two time periods. There 
was a strong significant decrease of local survival with a smaller number of rectangles. 
The coefficient of this regression was used to derive the emi gration rate using 
equation 7. Because habitat of the great reed warbler was linearly shaped (reed verges 
along watercourses) the size of the rectangles is represented as the length of the 
rectangles. The estimates for the two time periods were quite simil ar, time period two 
(1997-2000) showed for the males a slightly larger emigration rate, though the 
confidence limits were overlapping and were not significantly different (Figure 3.7). 
Adult males showed the lowest dispersal rate: from a 2.5 kilometre lo ng reed verge 
around 30% of the males is expected to emigrate. For females this rate is almost twice 
as high, although particularly for adult females the confidence limits were large. The 
emigration rates for juveniles were around 1.5 times as high as for adults, for instance 
from a stretch of 2.5 kilometre around 90% of the juvenile females would emigrate. 
Table 3.3 
The number of ringed individuals used for the emigration analysis, illustrated by the 
number in one rectangle (unit) and in six rectangles combined as compared to the total 
number of records. 
ad male 
juv male 
ad female 
juv female 
Basic unit 
18-44 
27-74 
4-11 
24-66 
six units 
combined 
179 
331 
46 
300 
856 
total 
400 
512 
81 
467 + 
1460 
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The modelling part resulted in reliable estimates for survival and emigration. The 
model fitted well to the data and the RELEASE tests showed no important violation 
of the assumptions. The selected model included the parameters that also a priori 
seemed to be the most relevant to survival: sex, age and year. The fact that juveniles 
show a lower probability of resighting is probably caused by the fact that not every 
second-year aged bird will breed, a substantial part will only start breeding in their 
third year (Bart 1995). 
In conclusion we feel confident about the estimates of male survival, much less 
so for the females, partly this is reflected in the large confidence limits for female 
survival rates. 
Are the emigration rates reliable? 
The results of the study show that with a good set of data and a favourable layout of 
the study area, it is possible to separate mortality and emigration. The adapted Jackson 
method proved to be a good basis for determining emigration rates. The underlying 
rectangles were pragmatically chosen on the basis of the number of ringed individuals. 
In adjusting the method for use in linear habitat systems several assumptions were 
made. It was assumed that great reed warblers predominantly disperse along linear 
reed elements. This assumption will only hold when birds disperse in autumn rather 
than in spring. For reed warbler A. scirpaceus and sedge warbler A., schoenobaenus 
evidence has been presented for a post-fledging dispersal period in support of this 
(Catchpole 1972). Furthermore, preliminary results of a study on post-fledging 
behaviour by radio-tracking methods revealed that great reed warblers indeed follow 
linear reed elements in the period between fledging and migration (pers com 
L.Bosschieter). Also it was assumed that the dispersal of great reed warbler is not 
hampered by stretches with non-habitat. For the main study area this is a reasonable 
assumption since the non-habitat stretches are short relative to the average dispersal 
distance (< 1 km). A further analysis of the data will have to reveal whether and how 
the degree of fragmentation of the landscape and the characteristics of the intervening 
landscape influence the dispersal probabilities. 
Interpreting other population studies would give us the possibility to check our 
emigration rates. Unfortunately, hardly any data exist on emigration rates for 
passerines. The only study that gives sufficient data we are aware of is that of Beier 
(1981), concerning a population of great reed warblers in Germany. For his study area 
of 20 ha, he reported an emigration rate of 34%, which is in good accordance with our 
estimates (20-30% for an area similar in size). 
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Why is the great reed warbler declining? 
The great reed warbler in The Netherlands has been declining since a long time. 
Particularly during the sixties and seventies the population declined very rapidly. The 
decline was also noted in many other central and western European countries 
(Hagemeijer & Blair 1997; Tucker & Heath 1994). The present study demonstrates 
that the great reed warbler population in the region of Northwest-Overijssel is still 
declining. Since this population represents more than 50% of the Dutch population 
and also reports from populations elsewhere in The Netherlands state a decline, this 
trend seem to apply to the total Dutch population. 
Based on the observed dispersal distances and the distances between the large 
remaining clusters of populations, one might argue that more than one 
metapopulation exist in The Netherlands. These findings corroborate analyses 
showing that fragmentation negatively affects occurrence of great reed warblers at 
average inter-patch distances of about ten kilometres (Foppen & Chardon in prep.). 
This implies that even at a regional scale level in The Netherlands (in areas of 50x50 
kilometres), spatial configuration of habitat does matter. Because one may predict that 
dispersal distances of related species are even more limiting, this might apply for most 
of the small reed-dwelling warblers in The Netherlands (Foppen et al. 1999; Foppen, 
Chardon & Liefveld 2000; Foppen & Chardon in prep.). 
Moreover, the Dutch population is largely isolated from populations in 
neighbouring countries. The European distribution map shows gaps of at least 200 
kilometres between the large populations in The Netherlands and the nearest 
populations in France and Germany (Hagemeijer & Blair 1997). This makes it unlikely 
that populations abroad can rescue or recolonize threatened or extinct populations in 
The Netherlands. Likewise, it is expected that the Dutch population will not benefit 
from a source-sink relationship with large, flourishing populations elsewhere, because 
this will be established at even smaller distances (Foppen et al. 2000). 
In conclusion, the Dutch population of the great reed warbler will have to be 
conserved by taking measures at a regional level. But what measures will be effective? 
Unfortunately, the time series concerning survival rates are too short and the estimate 
of reproduction rate is weak. We can not firmly state which demographical processes 
are causing the decline. Our best guess would be that the reasons for the recent 
decline in the study region probably do not differ from the ones reported by 
Graveland (1998): a continuously declining area of suitable habitat. The reasons for 
habitat destruction are not yet fully understood, but suggested and likely causes are: 
reed die-back, land reclamation, drainage and unfavourable water table management 
(Hagemeijer & Blair 1997, Graveland 1998). For The Netherlands Graveland (1998) 
demonstrated that the loss of early succession stages of reed vegetation, caused by 
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4 Dutch sedge warblers Acrocephalus schoenobaenus and 
West-African rainfall: empirical data and 
simulation model l ing show low population 
resi l ience in fragmented marshlands. 
Abstract 
Sedge warbler populations in The Netherlands have declined dramatically over the last 
25 years, especially in 1973-75 and 1982-85. Population correlate with yearly rainfall in 
the western part of the Sahel-Soudan zone, the most probable wintering area of West-
European birds (after removing effects of autocorrelation, r, = 0.58). However, 
populations in relatively unfragmented landscape showed a clear recovery after 1984, 
while those in heavily fragmented landscapes showed no recovery. A spatially explicit 
population simulation model, was used to test the general hypothesis that bird 
populations in fragmented landscapes show stronger declines and less resilience than 
populations in unfragmented habitats in response to a catastrophe such as winter 
drought. The simulations demonstrated that in fragmented landscapes (less than 1% 
marshland), the relative decrease in numbers was 50% higher than in less fragmented 
habitats (more than 1% marshland). Furthermore, after a decrease, the recovery to 
initial numbers in landscapes with less than 1% marshland would take about five times 
longer than in areas with more than 15% suitable habitat. We tentatively conclude that 
sedge warblers breeding in fragmented marshland habitats are more vulnerable to 
drought events in West-Africa than those in unfragmented habitats. 
Introduction 
The sedge warbler Acrocephalus schoenobaenus, a widespread trans-Saharan migrant, has 
suffered long-lasting and dramatic declines in large parts of its European breeding range. 
Populations numbers in the United Kingdom (Marchant et al. 1990), Belgium (Lippens 
& Wille 1972), Germany (Glutz von Blotzheim & Bauer 1987) and The Netherlands 
(Teixeira 1979; SOVON 1987) showed declines well over 50% during the period 1970-
1985. In most areas the major declines commenced in the early 1970s (Marchant et al. 
1990; Teixeira 1979; Glutz von Blotzheim & Bauer 1987). In the same period the 
whitethroat Sylvia communis population in western Europe also crashed. For this species, 
the decline coincided with reduced rainfall in their wintering quarters in Africa (e.g., 
Berthold 1974; Witstanley et al. 1974). For the sedge warbler this correlation has also 
been demonstrated for the British population; Sahelian rainfall was correlated with 
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mortality (Peach et al. 1991). This paper presents empirical data that confirm the 
relationship between Sahelian rainfall and population indices of Dutch sedge warblers. 
Although in general the sedge warbler population in The Netherlands is in 
decline, the decrease in numbers and distribution in marshland areas in the western part 
of the country appeared to be smaller than in the generally drier landscapes in the 
eastern part (Figure 4.1, Teixeira 1978; SOVON 1987). There are at least three possible 
explanations for this difference: migration direction, differential habitat quality changes, 
and a source-sink relationship on a national scale. Concerning migration direction, 
ringing recoveries on a European scale indicate that Sedge Warblers from eastern 
Europe choose a more eastern migratory route than western populations (Zink 1973). If 
this division in migration routes is also present in The Netherlands, this would imply 
different wintering quarters. Different wintering conditions could lead to different 
mortality rates. Concerning differential habitat quality changes, it may be that the quality 
of the marshlands in the eastern part of the country has deteriorated more quickly and 
to a greater extent than in the west. Finally, concerning a source-sink relationship on a 
national scale,, if marshlands in the western part of the country are of a better quality 
than those in the east, they could, in situations of Sahel-inflicted declines, 'draw' 
individuals from the eastern part in search for high quality territories. That would imply 
a smaller decrease in the habitats of the western part of the country because an 
immigration of individuals from eastern origin will buffer the effect, an example of 
source-sink systems (Fretwell 1972). 
1973 - 1977 1979 -1983 
Figure 4.1 
Change in distribution of the sedge warbler in the central part of The Netherlands 
between 1973-1977 and 1979-1983. Distributions are on 5x5 km grid basis, based on data 
in Teixeira (1979) and SOVON (1987). A black dot means that in a grid breeding has 
been reported during the study period. 
64 
B R I D G I N G G A P S I N F R A G M E N T E D M A R S H L A N D / C H A P T E R 4 
In this paper a further alternative explanation is explored: the habitat 
fragmentation hypothesis. Marshlands in the western part of The Netherlands are less 
fragmented than those in the eastern part of the country. We quantify and test 
differences in trends in sedge warblers between fragmented and unfragmented 
marshlands. Habitat fragmentation can cause detrimental effects to bird populations 
because habitat units become too small. As a consequence, the probability of local 
populations going extinct by chance effects is enhanced. If these local extinctions are 
not counterbalanced by recolonisations, species may disappear over large ranges 
(Opdam et al. 1992; Verboom 1996). The crucial factor is dispersal (Opdam 1990). In 
viable networks of populations, habitat units are linked closely enough to ensure a 
sufficient dispersal flow (Hanski 1994). Catastrophes are particularly harmful for 
network populations (often called metapopulations). When a catastrophe causes high 
mortality, population numbers decline, but the dispersal flow will also decrease. This 
may cause a breakdown of the population network resulting in large-scale extinctions 
and a decreased population resilience. 
To explore whether these effects might explain the observed difference in 
decline of sedge warbler populations between the east and the west of The Netherlands 
a simulation study was conducted. A spatially explicit population model was used to test 
the hypothesis that parts of the sedge warbler population network in The Netherlands 
with a strong degree of fragmentation are more vulnerable to catastrophes and suffer a 
lower population resilience than parts with little or no fragmentation. 
Methods 
Population indices 
Quantitative mapping data for 180 areas with sedge warblers were selected from a large 
number of sources, the most important being the SOVON databank (Dutch centre for 
field ornithology). The areas are well distributed over The Netherlands, and were thus 
assumed to provide a good representation of marshlands (Figure 4.2). Different census 
methods were used in different areas, including counts of singing males in areas, 
transects, and extensive territory mapping. For each time series, a check was made (e.g. 
by assessing descriptions of methods in the literature or asking the people responsible 
for the monitoring) as to whether counting effort and circumstances were relatively 
constant over the years. Only those areas with at least three annual censuses in a time 
span of at least five years in the period 1960-95 were selected. The number of missing 
data was about 70%. Only indices for years with more than 20 census areas (1966-94) 
were used in the analysis. 
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Figure 4.2 
Areas in The Netherlands for which counting data of breeding sedge warblers were used 
(indicated by dots). In grey hatching the distribution of very large marshlands is indicated. 
Open circles = counts in unfragmented areas, closed dots = counts in fragmented 
marshlands. 
Time series data were divided into two sets: one in fragmented marshlands and 
one in unfragmented marshlands. To assess the degree of fragmentation of a marshland, 
a digitised map of marshlands in The Netherlands was analysed. Using Arclnfo, the total 
area of marshland was calculated in a circle within a radius of 10 km from the central 
point of each marshland with census data. Count data were divided into two sets based 
on the frequency distribution of total area of habitat: a set with fragmented areas 
(FRAG) and a set with unfragmented areas (CORE). In FRAG the percentage of 
habitat in the 10 km circle is approximately 0.01- 1% (mean 0.3%), in CORE the 
percentage of habitat is 1 -30% (mean 5%). Only for those years with more than 60 areas 
(1984-94) were the data divided into a fragmented and unfragmented set. 
Time series were combined to calculate a trend using a loglinear Poisson 
regression (Weinreich & Oude Voshaar 1992; Ter Braak et al. 1994; Thomas 1996; 
Goedhart & Ter Braak 1998). This is a special case of generalised linear modelling 
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(GLM) (McGullagh & Nelder 1983), able to deal with incomplete data sets. First, a 
simple model was used that only took into account site and time: 
LOG (Expected count) = constant + LOG (site effect) +LOG (year effect) 
Then, fragmentation was added as a covariate with two levels. Counts followed a 
Poisson distribution. The F-test based on deviances was used to test for overdispersion. 
The expected counts per year were calculated using maximum likelihood. The year 
effects were re-expressed as year indices for population size compared to a base year. 
Computations were carried out using the statistical program GENSTAT (GENSTAT 5 
Committee 1987). Variation between year, and site, effects were tested (F-test) and three 
simple models were compared that describe the trend effects: a linear model in time, a 
quadratic model in time and a model with time effects for every year (Goedhart & Ter 
Braak 1998). 
Rainfall indices 
Western European sedge warblers probably winter in the sub-Saharan region of Africa 
(Glutz von Blotzheim & Bauer 1987; Cramp & Brooks 1992). Ring recoveries of 
British sedge warblers in Africa show that important wintering areas are situated in the 
floodplains of the rivers Niger and Senegal (Peach et al. 1991). There are two recove-
ries of Dutch birds in winter in Africa, also from this region (data Dutch Ringing 
Centre, Heteren). However, it is not yet clear whether a part of the population also 
winters in more eastern parts (e.g. Sudan), the probable wintering area for 
populations from eastern Europe. Therefore, three sets of rainfall data in the sub-
Saharan region covering the total area from west to east were analysed. These sets 
correspond with zones in sub-Saharan Africa with equal amounts of annual rainfall 
(after Nicholson 1985; see Figure 4.3.). Two data sets were provided by the Climatic 
Research Unit at the University of East Anglia. These consist of yearly standardised 
anomalies in relation to the mean rainfall in 1951-1980 (see Nicholson 1985; Peach et 
al. 1991): (1) data for west African countries in the Sudan-Guinea zone (e.g. Sierra-
Leone, Liberia, Ghana, Benin, Togo, Cote d' Ivoire) and (2) data for central Sudan 
situated in the eastern part of the Sahel-Sudan zone. For the western Sahel-Sudan 
zone (between 10°N - 18°N and 14° W - 14° E; Burkino-Faso, Mali, Niger and 
Senegal), we analysed rainfall data from almost 300 meteorological stations (Figure 
4.3). The data consisted of monthly totals of rainfall (range 1900-94). The total 
amount of rainfall in the rainy season, May-October, was used for the calculation of 
the indices. 
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Figure 4.3 
Location of the sub-Saharan zones with rainfall. In the western Sahel-Sudan zone the dots 
indicate the weather stations for which rainfall data were analysed. 
Rainfall indices were calculated using the same model as for the bird population 
indices: a lognormal distribution for the total amount of rainfall in the selected period, a 
site (= meteorological station), and a year-effect. Population indices in year x were 
related to rainfall indices in year x-1 (1965-93) because rainfall in the period May-
October influences the population indices measured the following spring. Missing data 
exist, but their percentage was low in the selected period (15%). 
A statistical problem in cross-correlating two time series is that of autocorrelation (Box 
& Jenkins 1976). In our data, the positive autocorrelation could be effectively removed 
by differencing the series (Box & Jenkins 1976), and the autocorrelations tended to be 
slightly negative. After differencing, a series R(i) is replaced by the series of differences 
R(i+1)-R(i). Spearman Correlation Coefficients were calculated with and without 
differencing the series (Sokal & Rohlf 1981). 
Simulation 
The simulation was carried out with the METAPHOR model (Verboom 1996; 
Verboom et al. 1999). METAPHOR is an individually based model that simulates the 
stochastic dynamics of a spatially structured population. A spatially structured 
population is a set of local populations connected through dispersal. The three most 
important model components are recruitment, mortality and dispersal. Recruitment 
and mortality determine the local population dynamics (i.e. of habitat units). 
Population dynamics are stochastic. There are two types of stochasticity. 
Demographic stochasticity is the variation between the fates of the individuals. 
Environmental stochasticity is modelled by drawing annual mortality and recruitment 
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ratio from specified distributions. The dispersal range defines the size of the habitat 
network - the set of habitat patches supporting a metapopulation or network popula-
tion- for the sedge warbler (Opdam et al. 1992). 
A METAPHOR sedge warbler model was developed in order to simulate a 
set of sedge warbler populations in a marshland network (see Appendix 4.1 for a 
global description of the model and parameter settings). The sedge warbler model uses 
specific input data for the underlying landscape pattern. At a European scale, the 
cluster of marshlands in the Dutch Delta is well separated from the clusters in 
neighbouring countries (e.g. eastern parts of Germany; Moss et al. 1991). In the 
intermediate parts of western Europe, the density of marshland patches is very low. 
Thus, a GIS database comprising a pattern of marshlands of only The Netherlands 
and some marshlands in Belgium and Germany close to the Dutch border was 
considered suitable as a habitat basis. The database comprised only marshlands larger 
than one ha. Although sedge warblers may occasionally occupy habitat patches smaller 
than one ha, the resulting habitat pattern was compared with distribution maps 
(Teixeira 1979; SOVON 1987) and appeared to be a reliable image of sedge warbler 
habitat in The Netherlands. With the habitat pattern in a GIS database each patch 
could be assigned a degree of fragmentation following the same routine as for the 
empirical data. Four classes were distinguished in the degree of fragmentation: mean 
habitat percentage 0.1%, 1%, 3% and 15%. 
To simulate the effect of drought conditions in West-Africa, drought spells in 
the wintering quarters were assumed due to lead to an overall decrease in numbers of 
50% (based on empirical data). This assumption and the data on the correlation 
between rainfall and mortality rates (Peach et al. 1991) were used to generate two 
mortality settings (normal and high mortality). Two types of simulations were run. 
First, to determine whether isolated populations show a higher vulnerability to 
catastrophes, we manipulated mortality levels. A situation with high mortality was 
compared with a situation with normal mortality for both fragmented and 
unfragmented patches. Second, to assess the extent of a low population resilience 
under fragmented conditions, the recovery period in fragmented and unfragmented 
habitat patches was calculated from simulated data. In the simulation model this was 
achieved by a shift from a period of years with high mortality rates to a period of years 
with normal mortality rates. The first type of simulation starts with all habitat units 
fully occupied (at carrying capacity). Because populations need some time to reach 
equilibrium, the first 50 years are not taken into account for the statistics. Overall the 
period simulated is 150 years and is repeated 100 times. The second type of 
simulations also starts with all patches fully occupied and with the mortality conditions 
of the drought period. After equilibrium is reached (50 years), a shift is made to the 
mortality figures for normal years and recovery commences. The statistics begin with 
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the first year after the shift in mortality figures. The model predicts an average number 
of individuals per habitat patch per year. 
Resul ts 
Population trend and rainfall indices 
Site and time proved to be highly significant factors in the trend analysis (Table 4.1). The 
best model was that which allowed a separate effect per year because this year effect 
model was a significant improvement over the quadratic model (P < 0.001). The trend 
for the sedge warbler in The Netherlands in the period 1966-94 shows several periods 
with a moderate (e.g. 1973-75) and one with a strong decrease (1982-85; Figure 4.4). 
After the strong decrease the population recovered, but failed to reach the starting level. 
The year of the minimum population in The Netherlands (1984) coincides very well 
with British data (Peach et al. 1991). 
Table 4.1 
Summary of the generalised linear model results (F-test) for time series of the sedge 
warbler in The Netherlands, using site and time as explanatory variables 
Factor 
site 
time effects 
+ linear 
+ quadratic 
+ year effects 
£ 
165 
1 
1 
28 
deviance 
71303.497 
1512.318 
65.928 
784.658 
mean deviance 
432.142 
1512.318 
65.928 
30.179 
deviance ratio 
57.97 
202.89 
8.84 
4.05 
P = 
< 0.001 
< 0.001 
0.003 
< 0.001 
Long-term trends in the distinct sub-Saharan zones indicate that, particularly 
after 1965, yearly rainfall decreased (Figure 4.4). Rainfall data for the period 1965-1993 
in the western Sahel-Sudan and Sudan-Guinea zone showed a declining trend until 1985 
with decreases particularly around 1972 and 1983. After 1985 there was an apparent 
increasing rainfall trend. Although the trend in the eastern part of the Sahel-Sudan zone 
was similar it showed no increase after 1985, but there were large fluctuations. The 
correlations between population and rainfall indices after differencing the data are 
significant for the western Sahel-Sudan zone {r, - 0.58, P < 0.001, n - 26; see Figure 
4.5) but not for the Sudan-Guinea (r, = 0.14, P > 0.05, n = 26) and eastern Sahel-Sudan 
zones (r, = 0.15, P > 0.05, n — 26). These findings suggest that the most important 
wintering regions of Dutch sedge warblers are located in the western Sahel-Sudan zone. 
Because this is in agreement with other evidence (e.g. the ringing data) this data set was 
used for further analysis. 
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Figure 4.4 
Trends for rainfall in the sub-Saharan zone and the sedge warbler population in The 
Netherlands. (A) The long-term for rainfall in the western Sahel-Sudan zone based on 
GLM-indices. (B) The long-term trend for rainfall in the eastern Sahel-Soudan zone 
(1920-93) and in the Sudan-Guinea zone (1960-93) based on standardised anomalies 
(empirical data). (C) The trend for the sedge warbler population in The Nethedands in the 
period 1966-94. The trend indices are shown as logarithms of the calculated index; year 
1966 is chosen as a reference (index = 100). Presented are the 95% confidence intervals 
for the yearly trend indices. 
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Figure 4.5 
A correlation plot of first differences for indices of rainfall in the western Sahel-Sudan 
zone and sedge warbler population (empirical data). For every data point the year is 
indicated. 
Simulation data 
The results of the simulations show a relationship between the degree of fragmentation 
and a decrease in occurrence or in numbers under a situation with increased mortality 
(Figure 4.6). The decrease was calculated as the relative difference between the 
simulation results with high and normal mortality. A high degree of fragmentation (e.g. 
patches in a landscape with less than 1% habitat) is causing a high probability of local 
extinctions, resulting in an average decrease in numbers of more than 70%. In 
unfragmented patches (patches in a landscape with more than 15% habitat) numbers 
decrease by less than 50%. 
<0.1 >15 0.1-1 1-3 3-15 
degree of fragmentation 
Figure 4.6 
Simulation data: relation between degree of fragmentation and decrease in occurrence 
(black bars) and numbers (white bars). Decrease is calculated as difference relative to the 
'normal' situation and is expressed in percentage. Degree of fragmentation is expressed in 
% of suitable habitat in a landscape. 
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Simulating the recovery phase after a prolonged period of unfavourable drought 
conditions and resulting low population numbers showed that patches in a fragmented 
landscape recover slower than patches in unfragmented landscapes (Figure 4.7). The 
recovery in the most fragmented patches was lower in the exponential increase phase 
than in unfragmented patches. It took a fragmented patch 2-7.5 times as long as an 
unfragmented patch to increase from 50% to 90% of the expected numbers. 
20 30 
years of recovery 
Figure 4.7 
Recovery phase for patches with different degrees of fragmentation (simulation data). 
Year 1 is the first year of recovery. Recovery is shown per year as mean percentage of 
population size under 'normal' conditions. Numbers refer to patches with a equal degree 
of fragmentation, 1 = 15% habitat, 2 = 3% habitat 3 = 1% habitat 4 = 0.1% habitat. The 
arrows indicate the years where the population is returned to 95% of initial number. 
Empirical data: difference between fragmented and unfragmented 
landscapes 
The population indices of sedge warblers in The Netherlands show a minimum in 1985 
and a recovery in the years immediately after. Splitting the data into a set with 
unfragmented (CORE) and fragmented (FRAG) patches reveals an interesting 
difference. The trend for FRAG patches shows a short period of recovery after 1985, 
but on the whole it is not an upward trend. The trend for CORE patches is upward after 
1985 (Figure 4.8). The difference between the two trends is statistically significant 
(GLM-Poisson regression, trend FRAG = -0.02, trend CORE = 0.0824, F= 15.45, df= 
1, P < 0.01). Correspondingly, the correlation between rainfall index and population 
index in the period 1985-94 is significant for CORE (r, = 0.64, P < 0.05, n = 10), but 
not significant for FRAG (r, = 0.24, P > 0.05, n - 10). 
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Figure 4.8 
Population indices for sedge warbler populations in fragmented and unfragmented 
patches in the period 1985-94. 
Discussion 
Is West-African drought affecting Dutch populations? 
Sedge warblers in The Netherlands are clearly affected by drought conditions in Africa. 
The decrease in population size since the early 1970s as suggested by publications on 
mapping data in The Netherlands (Teixeira 1979; SOVON 1987) shows one remarkable 
period of severe decline: 1982-85 and one period of moderate decline (1973-75). Both 
periods are characterised by drought in the wet season in west Africa. In this respect the 
Dutch populations are no different from British populations (Peach et al. 1991). 
Although the problem of autocorrelation exists, even after differencing the data the 
correlation remains significant and thus the relation seems strong. 
Other Palearctic migrants for which population declines have been associated 
with drought in their African winter quarters are: purple heron Ardeapurpurea (Den Held 
1981; Cave 1983), white stork Ciconia ciconia (Kanyamibwa et al. 1990), sand martin 
Riparia riparia (Szep 1995a,b) and whitethroat Sylvia communis (Berthold 1974; Witstanley 
et al. 1974). Similar declines have been suggested for a number of other passerines 
breeding in The Netherlands (Wammes et al. 1983; Foppen & Reijnen 1996). 
The causal mechanisms of the effect of drought in the Sahel zone of West-
Africa on population dynamics remain unclear. Peach et al. (1991) showed that 
mortality rates of wintering sedge warblers increased in years with poor rainfall. 
Observations suggest that sedge warblers use freshwater fringing vegetation with 
papyrus and other emergent macrophytes during winter and that drought affects the 
area and/or quality of these habitats (Mullie & Brouwer 1994; Peach et al. 1991). This 
suggests a reduction of carrying capacity and correspondingly a density dependent 
mortality of sedge warblers. 
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Dispersal in fragmented landscapes: a problem for sedge warblers? 
The simulation data show that populations in fragmented habitat situations have lower 
numbers and also a slower recovery after a decrease. In the model it is assumed that 
dispersal in fragmented habitat situations is not efficient and does not allow sufficient 
recolonisations. The possible mechanistic explanations for this assumption are: a 
higher dispersal mortality, unpaired individuals, and hampered territory shifts. As to a 
higher dispersal mortality, birds in fragmented landscapes might experience a greater 
mortality because they have to disperse through more inhospitable landscapes. Even 
for migratory species, this seems reasonable because natal dispersal may take place in 
the post-fledging period (for sedge warblers, see Catchpole 1972). For unpaired 
individuals, in small fragmented patches there is a larger chance of an unbalanced sex-
ratio. This would cause a less optimal recruitment; some individuals remain unpaired 
(Allee 1938). In hampered territory shifts, juveniles may settle in a low quality territory 
instead of dispersing until they find a patch of a higher quality. In a fragmented 
landscape high quality patches may remain undiscovered and thus empty (Verboom et 
al. 1991). 
But are these assumptions supported by field data? Little data on dispersal 
behaviour of the sedge warbler are available. An analysis of ringing data revealed a 
median natal dispersal distance of 6.1 km and a mean of 40 km (Paradis et al. 1998). In 
the Dutch context this implies that no marshlands are entirely isolated and individuals 
can change sites, but that many marshlands will only exchange very low numbers of 
individuals. Effects of increased dispersal mortality or hampered territory shifts have 
not yet been documented. 
Are the modell ing data supported by the field data? 
The simulation data suggest that the decrease in numbers, caused by a series of drought 
years in the winter quarters, is larger in fragmented populations. Unfortunately this 
could not be tested because only for the period after the decrease (1984-94) field data 
are available. However, a preliminary analysis clearly showed that numbers in 
fragmented landscapes showed a larger decrease than in unfragmented landscapes 
(Foppen 1994). Furthermore, many local populations in the heavily fragmented 
marshland landscape in the east of The Netherlands went extinct (Figure 4.1). The 
second prediction of the model, that resilience in fragmented landscapes is lower than in 
continuous, or less fragmented landscape, is supported by the finding that for 
populations in fragmented landscapes there is an absence of recovery in the first eight 
years after the onset of a period with more rainfall in West-Africa (1985-94), while 
populations in unfragmented landscapes seem to be able to recover rather fast (Figure 
4.8). 
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In the simulation, numbers of warblers in fragmented patches increased 
moderately, while empirical data showed no recovery. There are at least four possible 
explanations for this difference. Firstly, a difference between actual rainfall pattern and 
simulated rainfall pattern. Because the reasons for the correlations between rainfall and 
mortality are not understood, we used a simplified approach splitting the years into 
normal and drought years, resulting in averaged mortality rates (with associated errors). 
It is not surprising, therefore, that the real recovery differs from the simulated one. 
Secondly, our simulations explored the rainfall effects by assuming a sudden shift in 
rainfall indices from drought to normal years. Actual rainfall data show a clearly upward 
trend but do fluctuate; in general the situation after 1984 improved, but even then 
drought years occurred and these may have suppressed recovery. Thirdly, other factors, 
not involved in the simulation, might have affected the recovery. Finally, the 
assumptions of the simulation model might be wrong. 
Lack of evidence for alternative explanations 
Three alternatives already mentioned in the introduction will be discussed: the 
difference arises from a difference in wintering areas for regional populations in The 
Netherlands, or the difference is caused by a different change in habitat quality between 
regions in The Netherlands, or in The Netherlands a source-sink system exists between 
the western and the eastern regions 
Because most of the fragmented marshlands are situated in the eastern part of 
The Netherlands the eastern population might have different winter quarters and thus 
experience other rainfall conditions. This was also reported as the reason for the 
difference in population trends between western and eastern European white storks 
(Kanyambibwa et al. 1993). Survival of white storks in western Europe correlated well 
with rainfall in western African wintering area, but for eastern European storks there 
was no correlation with rainfall in their wintering areas. Furthermore, rainfall in east 
Africa decreased less than in west Africa (Kanyambibwa et al. 1993). The 'Zugscheide' 
they reported for the white stork was also present in The Netherlands, cutting the 
country in a south-western and north-eastern part. For the sedge warbler however, this 
hypothesis is unlikely for two reasons. Firstly, an analysis of sedge warbler recoveries 
ringed in The Netherlands did not show significant geographically correlated differences 
in migration direction. A selection was made of ringing recoveries consisting of animals 
ringed in the breeding season in The Netherlands (May-July) and recovered at distances 
larger than 100 km in the next autumn (data: Dutch Ringing Centre NIOO). The group 
was split in two according to the longitude of the ringing area (boundary 5° 24'E; see 
Figure 4.9). Although there is a difference in the expected direction (western birds on 
average (± SE) 8 degrees more to the west), this difference was not significant (west: 
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203 ± 6.2°, n = 15, east: 195 ± 3.5°, n = 18, Atest, P > 0.10). And secondly, fragmented 
areas in the western half of The Netherlands show no recovery after the 1984-85 
decrease. The data set with fragmented areas was split into that from the western part 
and the eastern part of The Netherlands. Indices were calculated for the period 1983-94. 
In neither set of data did the indices show any change (Figure 4.10). 
WEST EAST 
Figure 4.9 
Comparison between the migration directions of sedge warblers from the eastern (n = 15) 
and western (n = 19) parts of The Netherlands. Birds ringed in the period May-July and 
recovered at distances more than 100 kilometres away in the same year. 
However, the difference can also be explained by the effect of habitat quality 
(explanation 2). Since the time that the first decreases in numbers were observed 
(1968-70), gradual changes in habitat quality in the breeding areas might have 
occurred. Assuming regional differences in this deterioration, this could have been the 
cause for the lack of resilience in some regions in The Netherlands. For example, 
Peach et al. (1991) hypothesise that increased drainage for agricultural purposes has 
lead to major losses in British wetlands preventing populations to return to pre-
drought levels. The same might apply for certain parts of The Netherlands. The sites 
in the western part of The Netherlands are situated in regions with peat or sea clay 
soils. The sites in the eastern part are partly situated in regions with sandy soils of 
Pleistocene origin. These areas seem more vulnerable to euthrophication and ground 
water reduction (Garritsen et al. 1989), which probably is an important cause for the 
reduction in area and in quality of reed marshland (Graveland 1996). However, the 
sedge warbler is typically a species of the drier parts of a reedland and does not seem 
to be particularly vulnerable in this respect (e.g. Catchpole 1972). We suspect that 
such effects will be small and can not fully account for the observed difference. 
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Figure 4.10 
Comparison of population trend data for sedge warbler populations in fragmented areas 
in the western and the eastern half of The Netherlands in the period 1984-94. 
The third hypothesis, a source-sink system on a national scale, assumes a large 
dispersal capacity of sedge warblers. For a source-sink system to function, the fluxes 
of individuals from sink to source (in this case) have to be quite substantial. This will 
only be the case when dispersal chances remain high, even at distances of many tens 
of kilometres. There are no indications that the sedge warbler exhibits this kind of 
dispersal (Paradis et al. 1998). A mechanism is also lacking: how do sedge warblers in 
the eastern part of The Netherlands 'know' that territories are available in optimal 
habitat some 100 kilometres away? Examples of shifts in territory from sink to source 
habitat are known only for local situations (e.g. Krebs 1971). Furthermore, there was 
no recovery of populations in fragmented, small patches in the western part of the 
country. These areas are close to the source and probably exhibit an identical habitat 
quality, so they would be expected to recover much sooner than the small patches in 
the east. 
Although the Dutch population of the sedge warbler is not threatened, its 
future in many parts of The Netherlands seems grim. Increases in the frequencies of 
droughts in the Sahel could eventually lead to a total disappearance of the species from 
some regions. An interesting issue is whether and how global climate change will 
influence rainfall in the Sahel. This might be examined using climate models that predict 
yearly rainfall as an input to metapopulation models, to explore the effect on survival of 
birds such as passerines wintering in West-Africa. 
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Appendix 4.1 METAPHOR-sedge warbler model 
Our simulation assumed a maximum number of 5 territories per ha. This is higher than 
densities in the field because numbers are normally below carrying capacity and because 
net suitable reed areas (determined as the area of reedland that was not mowed or 
burned) were used instead of using total marshland area as in most density figures from 
field data. The carrying capacity of a patch in the model is a linear function of patch 
area, truncated to discrete numbers. 
Adult mortality is based on iterative simulation runs with a large patch of optimal 
habitat, assuming a stable and viable population. Mortality in this population is 
balanced by recruitment. The resulting figures (for populations close to carrying 
capacity around 0.45) are close to the highest value for British sedge warblers in the 
period 1969-83 (Peach et al. 1991). However, most of the years in this period showed 
a lower than average rainfall and thus a decreased survival. So, assuming 'normal' 
wintering conditions the data are consistent. For the mortality levels under drought 
years we decided to use the mortality levels in the data of Peach et al. (1991) in years 
with rainfall below average (around 75%). 
Recruitment figures were based on mean annual production per breeding pair in 
literature (Bibby 1978; Catchpole 1972). No data exist for first winter mortality. 
Therefore we used data for other small passerines. For reed warblers a mortality of 
0.76 was calculated from ringing data (Long 1975) which falls well within the range of 
0.70-0.80 assumed for small songbirds (Von Haartman 1971; Reijnen & Foppen 1994). 
In a metapopulation, local populations are connected through dispersal. In 
METAPHOR, within-patch dynamics and between-patch dynamics (dispersal) are 
iterated on a yearly basis: dispersal takes place after mortality and reproduction. First, a 
fixed fraction of the present individuals is chosen leaving the patch, creating a 
dispersal pool. This dispersal pool is supplemented with the number of individuals 
above carrying capacity. A relation file, describing the probabilities that individuals 
change to surrounding sites, is used to determine the exact number of immigrants for 
every patch in the simulation. The relation file is mainly based upon the maximal 
dispersal distance, the interpatch distances and the size of the receiving patch. Few 
field data exist for sedge warblers. Most individuals do not disperse farther than a few 
kilometres (breeding dispersal median 1.1 km, natal dispersal median 6.0 km, Paradis 
et al. 1998), although the maximum can be much further. In METAPHOR the 
parameters determining the relation file are calibrated on a median dispersal of a few 
kilometres. The maximum dispersal is truncated at 30 kilometres. 
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Understanding the role of sink patches in 
source-sink metapopulations: reed warbler in an 
agricultural landscape 
Abstract 
Populations in agricultural landscapes often occur in source-sink situations: small 
patches of marginal habitat (sinks) are supported by an immigration flux from larger 
patches of high quality habitat (sources). We sought to demonstrate that this situation 
occurs for reed warblers (Acrocephalus sarpaceus) in a riverine, mainly agricultural 
landscape in The Netherlands. We collected data on occurrence and habitat features in 
a large number of mostly small marshlands. We used a stochastic model to simulate 
the population dynamics in a metapopulation with sinks and sources. A statistical 
analysis of the field data, using regression techniques with occupation probability and 
abundance index as dependent variables, showed that habitat quality was less 
favourable in small habitat patches (e.g., ditches with reeds) than in larger patches 
(large, heterogeneous marshlands). The spatial cohesion of the landscape also played 
an important role: abundance of breeding reed warblers in regions with low spatial 
cohesion was low. Local extinctions and recolonisations occurred, and their rates 
depended on the spatial parameters of the patch. This supports the hypothesis that 
metapopulation theory is applicable here. The results of the modelling study 
demonstrated that, besides the trivial dependence of sinks on sources, a larger amount 
of sink area and increased exchange of individuals increased the stability of source 
patches. This was shown not only by a larger size of the source population, but also by 
a larger resilience after a catastrophe. The area of the sink seemed less important than 
its distance to the source. The simulation indicated an optimal area of a few hectares 
(compared to a 10-ha area of the source) and a maximum distance of 2-5 km from the 
latter. In creating sustainable landscapes for example, by setting up an ecological 
network consisting of a limited number of high quality patches, these small and 
seemingly insignificant habitat patches could play an important role and should be 
taken into consideration. 
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Figure 5.1. 
Distribution of marshlands in the study area in The Netherlands. Because most 
marshlands are small and have a linear appearance, their presentation on the map is 
oversized. The insert shows the location of the study area within The Netherlands and 
location of large marshlands. 
Along the rivers the landscape mainly consists of grassland, mostly intensively 
used for cattle or sheep grazing. A habitat map was constructed that comprises a total 
of 669 reed patches. The information was based on topographical maps, vegetation 
maps, aerial photographs, and field information. The exact boundaries of the reed 
patches were digitised and processed in Arclnfo. We measured patch perimeters and 
distances between patches. 
Most reed patches are small, having a carrying capacity of only one or two 
breeding pairs. The average size of the reed patches was around 0.3 ha, the smallest 
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around 0.001 ha, and the largest over 25 ha. The larger patches (approximately 100 ha) 
are situated in mosaics of marshland with open water, willow bushes, wet grasslands, 
and other macrophyte vegetation. About half of the total reedland area has no legal 
protection status. 
Collection of the field data 
We surveyed 70 and 97% of reed patches present in the 2 years of the study (1993-
1994), respectively. Hence, the survey data of 1994 were more suitable for the analysis 
of probability of presence and an abundance index. For every patch, the presence of 
breeding territories of marshland birds was mapped. Some of the largest patches were 
not surveyed because it proved too difficult and time-consuming. This was not 
considered a major problem because effects of spatial configuration are likely to 
influence mainly the smaller patches, and almost all of these were included in the 
study. On the other hand, probably the large patches are source areas. 
The breeding bird population was surveyed between the end of April and the 
end of June by the territory mapping method (Hustings et al. 1985). Most areas were 
visited three times in early morning, which is enough visits to determine accurately the 
presence or absence for reed warblers (Hustings et al. 1985). Small patches of a few 
hundred square meters were visited only once, late in the breeding season of each 
year. Pishing, handclapping, and conspicuous behaviour of the observer attracts 
attention and stimulates singing of the reed warbler and yields reliable presence-
absence data in these patches (Catchpole 1973). We used the maximum number of 
males observed as an index for abundance (Hustings et al. 1985). We analysed 
extinction and colonisation rates using the set of reed patches that were surveyed in 
both years. 
To determine habitat quality of the reed patches we measured a large number 
of variables during the last field visit to each patch. After completion of the fieldwork, 
we selected the most relevant variables using expert judgement and information from 
the literature. Reed warblers prefer wet reed patches consisting of almost 100% of 
phragmites (e.g., Catchpole 1974; Dyrcz 1981), a high percentage of old reed stems 
(Graveland 1997), and a high density of stems (Dyrcz 1981) that border open water 
(Magerl 1984), where a considerable number of bushes or trees are located in the 
neighbourhood of the reed patch (Catchpole 1972). This preference resulted in our 
selection of nine independent (explanatory) variables, which we used for further 
analysis (Table 5.1). 
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Stat i s t ica l a n a l y s i s 
We used a multiple stepwise regression analysis consisting of two parts, a habitat and a 
spatial analysis. T o examine the habitat quality of a patch, we used the abundance 
index as the response variable, assuming that abundance is a good indicator of habitat 
quality. Because all habitat variables were considered important and the intention was 
to correct for habitat influences before analysing the spatial parameters, all variables 
were also combined to calculate a quality factor based on their respective coefficients 
(see Table 5.1 for an overview of the explanatory variables): 
quality factor - V (et X (X, — Xt)), 
where ei is the estimator for variable /, Xi the value for variable /, and Xt the 
mean value for variable i. 
Table 5.1. 
Description of the explanatory variables used for the statistical analysis of presence and 
abundance of reed warblers. 
habitat parameters (patch level) Abbreviation 
type of reed vegetation (e.g., ditch, reed bed, or water edge) TYPE 
width of reed vegetation (classes) WIDTH 
area of water adjacent to the reed vegetation (ha) AREA WATER 
length of reed vegetation standing in water (m) WATER EDGE 
amount of reed vegetation not mowed or burned (%) OLD 
Amount of terrestrial dry reed vegetation (%) DRY 
density of the reed stems (classes) DENSITY 
amount of bushes in 100 m radius around patch borders (classes) BUSHES 
amount of forest in 100 m radius around patch borders (classes) FOREST 
spatial parameters (cluster level) 
the edge length of a reed patch (m) EDGE LENGTH1 
nearest distance to a patch of at least 1 ha (m) DIST1HA 
nearest distance to a patch of at least 5 ha (m) DIST5HA 
nearest distance to a patch of at least 50 ha (core areas) (m) DISTCORE 
the connectivity of the patch CONNECTIVITY^ 
the size of the other reed patches in the same cluster (ha) SIZE CLUSTER1 
"Edge length was calculated as distance of the digitized boundaries of the reed patches. For small linear stretches of reed (<10 m) the value 
was divided by two. 
b
 connectivity is a measure of isolation: a weighted sum of area of habitat patches in a radius of 10 km around the chosen cluster (see also 
Hanski 1994): 
Forpatchi: OMECmnY=^jl. -e"^ • 
where Aj is the area of cluster within 10 km, Dij is the distance between centre point i and cluster. A value of two was chosen as CC (the 
weighing factor) based on a judgement concerning the dispersal capacity of small songbirds and some dispersal data on Reed warbler (e.g. 
Catchpole 1972; Paradis et al. 1998). This means patches outside 5 km only contribute significantly to the connectivity measure if they 
have a large si%e. As a check the connectivity was also calculated for a number of other values of CC (range 0.5-4.0). These alternative 
connectivities showed a lower explained variance in the spatial analysis. 
All the patches in a cluster were assigned the connectivity value of that cluster. So an additional spatial parameter was needed, reflecting the 
heterogeneity and the amount of habitat in the immediate surroundings of a patch. 
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Si2e of the patch is an important variable explaining the probability of presence 
and abundance. Two variables reflect size: area and edge length. Both were highly 
correlated (r= 0.90) and thus were substitutional. According to previous studies, reed 
warblers tend to prefer edges in reed patches (for an overview see Glutz von 
Blotzheim & Bauer 1991). Considering this ecological preference and the high 
variation of patch shape in the study area, we decided that the variable edge length 
was the best predictor of size effects. Thus, in the habitat part of the analysis, edge 
length and the quality factor constituted the basis model. 
In the second part of the analysis, we added various spatial variables (see Table 
5.1) to the basic model. We used four kinds of response variables to model the effects 
of the spatial variables: (1) presence or absence of territorial males in a particular patch 
in 1994 ( 1 or 0); (2) colonisation events for those patches unoccupied in 1993 (0 or 
1); (3) extinction events for those patches occupied in 1993 (0 or 1), and (4) the 
abundance index in a patch. 
We used a reed patch as the unit for analysing habitat quality because we 
collected habitat parameters for every censused, homogeneous, and spatially separated 
patch. Spatial parameters such as patch size and degree of isolation had to be analysed 
at a different level. Based on metapopulation theory (Opdam 1991; Hanski 1994) a 
high degree of fragmentation can disturb the balance between extinction and 
colonisation of local populations. This will affect probability of occupancy and density 
patterns on the local population level. Consequendy, variables linked to fragmentation 
effects have to be analysed on the local population level rather than on the level of a 
homogeneous habitat unit. Local populations were defined by clustering a set of reed 
patches located within 200 m of each other. This distance is a reflection of the home 
range or daily movements of a small songbird like the reed warbler (Borowiec 1992). 
The cluster and the patch level each have their variance. To incorporate both 
variance levels a generalised linear mixed model (GLMM, McCullagh & Nelder 1989) 
is the most appropriate statistical tool. For our regression analysis we used the iterative 
reweighted residual maximum likelihood (IRREML) within the statistical package 
GENSTAT (Genstat 5 Committee 1993). This procedure is based on the combination 
of several iterated least-squares procedures and no full distributional assumptions are 
needed (Engel & Keen 1994). The response variable is not normally distributed and 
the random effect caused by the two error strata is a specified part of the model. 
The response variables presence-absence, colonisation events and extinction 
events follow a binomial distribution, the link function is logit. Counting data 
(abundance index) follow a Poisson distribution, and the link function is the 
logarithm. Significance was tested using a WALD test (Genstat 5 Committee 1993). 
Predictions of the IRREML models can be made using the regression results 
and applying either a multiplication factor in case of the Poisson distribution (Zeger 
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et al. 1988) or a shrinkage factor in case of a binomial distribution (Zeger et al. 1988; 
Engeletal. 1995). 
Simulations with the M E T A P H O R Model 
To explore the effects of sinks on (meta)population stability, we used a spatially 
explicit population model. The framework of the model, METAPHOR (Verboom 
1996), is a collection of individual-based population models simulating the dynamics 
of a metapopulation. For a description of the model and an earlier application see 
Verboom et al. (1999) and Foppen et al. (1999). 
A habitat map of a species is the basic geographical input. Each habitat 
fragment on the map is first clustered into local population patches. Local populations 
are defined as habitat units where random mating can occur (Verboom 1996). These 
local populations are the basic units for METAPHOR. It is a patch-based population 
model in that in each local population the individuals of the same age and sex group 
have the same value for the demographic parameters such as mortality and 
recruitment. Four groups of individuals exist: a combination of sex with two age 
groups, first-years and older. The model is spatially explicit in the sense that 
emigration and immigration rates between patches are based on metapopulation 
configuration features such as size and distance between patches. Another important 
characteristic of the model is the stochasticity. Demographic stochasticity is modelled 
as chance events due to individual fate and a small population size. Environmental 
stochasticity is modelled as a yearly drawing from mortality and recruitment distributi-
ons. 
The size of a patch determines the number of individuals at carrying capacity, 
following a linear function truncated to discrete numbers. Based on the empirical data 
set, we chose a density of 20 pairs per ha for optimal habitat patches. 
Mortality probability in a patch, calculated on an annual basis, was made up of a 
background mortality component, affected by environmental variability, and a density-
dependent component, depending on local population density (per sex; Appendix). In 
this application the environmental variation was perfectly correlated for all patches, 
age classes, and both sexes. Adult mortality parameter settings were based on iterative 
simulation runs with a large patch with optimal habitat, assuming a stable and viable 
population. Mortality in this population was outweighed by recruitment. The resulting 
figures (0.45-0.50, depending on density) coincided well with calculated mortality rates 
for adults based on ringing data (0.44-0.51: Green 1976, Redfern 1978). 
Reproduction parameters in METAPHOR refer to recruitment instead of birth. 
Birth is the number of offspring per female, measured as the number of fledged 
young. Recruitment indicates offspring that survive their first winter. Recruitment is 
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density dependent following the algorithm shown in the appendix. In this application, 
with territorial, monogamous animals, the expected number of "nests" (reproducing 
females) was the minimum number of females, or number of males, or the carrying 
capacity in each patch. Recruitment is subject to environmental variability and is 
influenced both by the annual fluctuation in mortality and the annual fluctuation in 
reproduction; a year can be a good reproduction year and a low mortality year, and 
vice-versa. To incorporate the effect of environmental stochasticity we first 
transformed the expected recruitment number into birth number (Appendix 5.1). A 
random variable (normal distribution, with mean zero and a standard deviation) is 
added to the birth rate, and the result is transformed to recruitment by multiplication 
with the survival of that year. The final value - recruitment adjusted for environmental 
noise in both recruitment and mortality- becomes the parameter of a Poisson 
distribution from which the number of recruits is obtained. 
Recruitment figures were derived from literature data on reproduction. 
Reproduction figures vary between 4.0-6.0 fledged juveniles a year (Schulze-Hagen 
1993). Only few data are available on first winter mortality. For Reed warblers a 
mortality of 0.76 was calculated from banding data (Long 1975), which falls well 
within the range of 0.70-0.80 assumed for small songbirds (Von Haartman 1971). 
Combining the average number of fledged young per year and the first winter 
mortality resulted in a recruitment figure of 1.0-1.5. For the sink patches a recruitment 
of half this figure was assumed. 
Rate of immigration is calculated by the number of potential emigrants from 
surrounding patches and the probability that they will disperse successfully. The 
number of available emigrants comes from two sources: intrinsic emigration and 
density dependent emigration. Intrinsic emigration assumes fixed proportions of 
individuals per patch entering a "dispersal pool", 50% of the recruiters and a smaller 
proportion of the adults (10%). The density dependent emigration means that all 
individuals that exceed the carrying capacity of the patch (determined by size) enter 
the dispersal pool. 
From the dispersal pool, individuals are distributed over neighbouring patches (in this 
simulation only one patch) using transition probabilities, i.e. the probability that an 
individual in the dispersal pool is moving from source to sink or vice versa. In the 
simulation experiment the transition probabilities are varied, ranging from 0.1 to 1.0, 
representing situations from low to high connectivity. The standard option is that 
transition probabilities from source to sink are equal to probabilities from sink to 
source. 
The model generates data on population size just before reproduction. This is 
considered the start of a simulation year. The first event is reproduction, then 
dispersal and mortality take place. 
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The simulated landscapes consisted of one "source" patch, with a demographic 
setting and a si2e (10 ha, carrying capacity of 200 breeding pairs) sufficient to ensure 
survival over the long term and one sink patch of variable size (1, 2, 5, 10, 20, 50 ha). 
Every combination between a sink area and a transition probability constitutes a set of 
simulations. Initial numbers were set at the carrying capacity level. It took the 
population some years to reach equilibrium. The average number of individuals 
between year 100 and 150 was regarded as representative for the population 
equilibrium. Then, simulating a catastrophic event, the number of breeding pairs in 
the initial situation was set at 25% of this equilibrium. As a measure for resilience the 
time was determined until the equilibrium numbers were reached again. Each 
simulation was run 150 times. 
Results 
Habitat quality 
All but one of the selected habitat parameters showed a significant effect on the 
abundance index (Table 5.2). The most prominent explanatory variables, as indicated 
by the range in values and the coefficient, were the type of reed vegetation, reed 
patches along watercourses being preferred; the width of the reed belt; wider belts 
supporting higher densities; and the amount of bushes and forest around the patch; 
the larger the coverage the higher the abundance index. 
The small marshland patches in the study area had a lower habitat quality on 
average than larger patches (Figure 5.2). Particularly, patches with edge lengths longer 
than 500 m were of significandy better quality. 
Table 5.2 
Results of the multiple regression analysis explaining abundance of reed warbler for 
various habitat features. 
Explanatory variables' Effect size Significance, one sided 
<0.100 
TYPE 
WIDTH 
AREA WATER 
WATER EDGE 
OLD 
DRY 
DENSITY 
BUSHES 
FOREST 
-0.8669 
0.3056 
0.05419 
0.017 
0.004 
0.003 
0.1396 
0.2107 
0.2167 
" Definitions of abbreviations in Table 1." * p<0.05; ** p< 0.01; *** p<0.001 
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Figure 5.2 
Relation between patch size (in 5 classes of edge length) and average habitat 
quality (± SE) for patches in each class (relative to total average patch quality). 
Spatial analysis 
The size of reed patches was an important factor determining the probability of 
occurrence by reed warblers. Reed patches with edge lengths longer than 1000 m 
(approximately 1 ha) always were occupied. Patches with 100-m edge length 
(approximately 0.05 ha) had an occupation probability of only about 70%. 
Adding the size of other habitat patches in a cluster to the regression model 
significandy increased the explained variance for the models occupation probability, 
extinction, and colonisation probability (Table 5.3). Connectivity improved the models 
for occupation probability, the abundance index, and the extinction probability. For 
the colonisation probability, the increase in the explained variance of the model was 
close to significance (p< 0.10). This trend is supported by the fact that the mean patch 
connectivity with a colonisation event was higher than in patches where no 
colonisation took place, 0.59 {n— 48) versus 0.16 (»= 43), respectively. 
Adding the distance to the nearest patch larger than 1, 5, or 50 ha did not 
improve the model significantly, not even after omitting connectivity from the model. 
Various interactions were tested. None of them proved significant. To judge the 
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impact of the effects and to compare effects, predictions were made for each 
significant variable based on a range in variables observed in the field. 
Table 5.3 
Results of a multiple regression analysis explaining the patch occupation probability of 
reed warbler for various spatial variables. 
Dependent variables a 
Occupation probability 
Number of territories 
Extinction probability 
Colonisation probability 
Explanatory variables b 
E D G E LENGTH 
QUALITY FACTOR 
SIZE CLUSTER 
CONNECTIVITY 
E D G E LENGTH 
QUALITY FACTOR 
CONNECTIVITY 
EDGE LENGTH 
QUALITY FACTOR 
SIZE CLUSTER 
CONNECTIVITY 
E D G E LENGTH 
QUALITY FACTOR 
SIZE CLUSTER 
CONNECTIVITY 
Number 
of units 
469 
469 
469 
469 
469 
469 
469 
271 
271 
271 
271 
71 
71 
71 
71 
Coefficient 
0.675 
3.238 
0.215 
0.158 
0.693 
1.021 
0.053 
-0.784 
-3.114 
-0.300 
-0.223 
1.451 
3.456 
0.333 
0.051 
Significance, 
one sided c 
*** 
*** 
* 
* 
#** 
*** 
* 
* 
*** 
* 
* 
** 
*** 
* 
<0.1 
"For each dependent variable the best model is represented. 
h
 Definitions of abbreviations in Table 1, 
c
 * p<0.05; ** p< 0.01; ***p<0.001 
Patch quality and the edge length proved to be the most influential explanatory 
variables; the resulting range in the response variables was much larger than with the 
two spatial parameters of connectivity and size of other marshland elements in the 
cluster. To judge the importance of the connectivity effect, we predicted of the 
expected probability of occupation and the expected abundance for one particular 
area size and various combinations of habitat quality and connectivity (Figure 5.3). We 
chose an area with an edge length of around 400 meters (corresponding to roughly 1 
ha). 
Habitat quality drastically affected the occupation probability and the 
abundance index. In small elements with the lowest habitat quality, the predicted 
occupation probability was <10%, whereas in the high-quality patches the predicted 
occupation probability was almost 100% (Figure 5.3a). The same was true for the 
abundance index: the range was 1-16 territories (Figure 5.3b). Still, the influence of the 
spatial parameter connectivity remained large. The results indicate that in the least-
isolated patches the occupation probability is two times higher than in the most-
isolated patches (Figure 5.3a; medium value for habitat quality). Also, the number of 
94 
B R I D G I N G G A P S I N F R A G M E N T E D M A R S H L A N D / C H A P T E R 5 
territories doubles from the most- isolated to the least-isolated patches (Figure 5.3b, 
highest value for habitat quality). 
The simulations showed that the sink system without the source was not 
sustainable, regardless of size. Within 10 years the metapopulation went extinct. A 
single source population, however, was able to survive over a long period of time 
(>100 years). The results also show an influence of sources on sinks and vice versa. As 
expected, sink populations were viable when individuals of the source entered the sink 
(Figure 5.4). 
connectivity 
habitat quality 
B 
habitat quality 
connectivity 
Figure 5.3. 
Three-dimensional view of the predicted effects of habitat quality and connectivity on 
occupation probability and number of reed warbler territories. Predictions are for an 
area with edge length 400 m (1 ha): a) occupation probability and b) abundance index. 
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Transition probability 
Sink area (ha) 
Figure 5.4. 
Simulation results of the sink population size (expected number of reed warblers) in 
relation to the size of the sink area in ha (x-axes) and the transition probability between 
source and sink areas (fraction of dispersers changing between source and sink resp. 0, 
0.1, 0.25, 0.5, 0.75,1) (z-axes). Sink population size is the average number of individuals 
after equilibrium is reached (nonviable populations are represented by a population size 
of zero). 
The numbers increased with increasing sink size, and transition probability increased 
from zero to well over 300 individuals, which is almost the size of the source 
population. The saturation of the sink patches (numbers expressed as fraction of 
carrying capacity), however, reached an optimum at sink sizes of 1-5 ha in the 
simulated configuration (Figure 5.5). Thus, larger areas with sink habitat did not 
contribute proportionally to a larger total population size. 
Source populations tend to be slightly larger in the presence of sink 
populations (R.P.B.F., unpublished data), particularly when the transition probabilities 
are large (simulating sink populations with short interpatch distances). A more 
profound effect can be observed for the resilience of source populations (Figure 5.6). 
Clearly, resilience was much better in situations with sink habitat present. The average 
growth in the first 10 years after a crash was much larger in situations with sink areas 
of at least 5 ha and transition probabilities exceeding 0.25. This resulted in a decrease 
in mean recovery time from around 30 years in an isolated source situation to <20 
years in an optimal configuration with sinks (e.g., 5 ha and transition >0.75). 
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Figure 5.5 
Simulation results showing the saturation of the sink area (expected number of reed 
warblers divided by carrying capacity) for different sink area sizes (1, 5, 10, 20, 50 ha). 
The bar shades represent different transition probabilities (fraction of dispersers 
changing between source and sink resp. 0, 0.1, 0.25, 0.5, 0.75, 1). 
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Figure 5.6 
Simulation results showing average yearly growth for the first 10 years of recovery after 
a crash for various sink sizes (1, 5,10, 20, 50 ha) and transition probabilities (fraction of 
dispersers changing between source and sink resp. 0, 0.1, 0.25, 0.5, 0.75,1). 
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Discussion 
Small reed patches represent lower habitat quality 
Although no data were collected on reproduction and mortality, which together are 
the best indicators of habitat quality (Van Home 1983; Pulliam 1988), we believe that 
density data are a useful cue to the habitat quality of the patches. The explanatory 
variables used in the regression were based on habitat features such as structure and 
composition of the vegetation, which were important habitat components in other 
studies. In accordance to these findings, we found most variables significant. One 
might argue that not all of the important parameters were included in the analysis; 
nevertheless, a combined quality factor, derived from the regression results, proved to 
be a highly significant factor, explaining a high proportion of the variance. This 
indicates that the nine variables gave a good estimate of habitat quality. 
Small patches demonstrate lower densities, probably due to a lower 
recruitment. Under the assumption of an "ideal-free distribution" (Fretwell & Lucas 
1970), densities differ but per-capita recruitment is constant. Most empirical data 
suggest, however, that territorial species rather follow an "ideal-despotic distribution" 
(e.g., Fretwell & Lucas 1970; Krebs 1971; Ulfstrand et al. 1981; Pulliam & Danielson 
1991; Reijnen & Foppen 1994), hence higher densities in the most suitable (most 
successful) habitats. An alternative explanation might be that individuals select their 
territories to optimise their success, as in case of great tits (Parus major) in deciduous 
and coniferous forest, resulting in constant reproductive success irrespective of 
density (Kluyver & Tinbergen 1953; Lemel 1989). This is to be expected in habitats, 
that differ completely in structure and composition of the vegetation. In case of the 
reed patches, no such apparent differences are conceivable. Regarding our first 
hypothesis, we conclude that small reed patches often show lower densities on average 
than larger ones and that this is related to habitat characteristics. We tentatively 
assume they act as sinks. 
Effects of spatial configuration on occurrence and abundance 
Obviously, the area of the patch (expressed in edge length) determines occupation 
probability and abundance. This is explained by the random sampling effect (e.g., 
Haila et al. 1993), which has no important ecological meaning on the landscape level. 
Consequently, after correcting for the random sampling effect by using edge length as 
offset in the models, we could find no extra effect of edge length. 
The quality factor was also a good predictor for occupation probability, 
abundance, and extinction and colonisation probabilities. Given variation in quality in 
the study area, for a given size, large differences in numbers (factor 10) can be 
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expected. Therefore, it is surprising that the spatial configuration also has an 
important influence on the distribution and occurrence of the reed warbler in the 
study area. The effects were not only statistically significant but also were substantial 
in a quantitative sense. 
Connectivity clearly shows an effect for three of the four response variables 
after size and quality variables are taken into account. The occupation probability and 
the number of territories were lower when the spatial cohesion of patches -meaning a 
low connectivity- was weak. Moreover, the extinction rate was higher with low 
connectivity values. This relation could be the result of a rescue effect (Brown & 
Kodric-Brown 1977): immigrants have a higher probability of entering a cluster with a 
high connectivity and preventing a population from becoming extinct locally. On the 
other hand, a clear effect of connectivity on the colonisation probability is also to be 
expected: high colonisation rates in clusters with a high connectivity value. The fact 
that we only found a trend for such an effect might be caused by the following 
factors. First is a low probability of colonisation: because a high proportion of the 
clusters was occupied, only a small number of patches had a probability of being 
colonised. Second is the masking effect of habitat quality: the results show a large 
influence of quality on both extinction and colonisation rates. Almost all empty 
patches were of low quality, which probably masked the influence of connectivity. 
Third is the masking effect of adjacent habitat: in many cases, clusters of more than 
one element existed. These habitat elements, directly bordering the habitat patch, had 
a significant effect on the colonisation probability and may have masked the 
connectivity effects. 
We are confident that second hypothesis is supported by the data. This 
population had the characteristics of a metapopulation: extinctions and colonisations 
governed by the spatial cohesion of the landscape. 
Reliability of population model results 
Although calibration is a precarious business, it is an absolute necessity to reliable 
predictions because validating a mechanistic population model is considered extremely 
difficult, if not impossible (Verboom 1996). The METAPHOR reed warbler model 
was calibrated by checking the outcome of submodules and parts of the results (e.g., 
the predictions for one large population). Other versions of the model using data on 
the sedge warbler (A. schoenobaenus) and the European nuthatch (Sitta europed) were 
applied to real landscape situations and were calibrated using large-scale distribution 
data. These models proved to be good predictors of occurrence patterns, which lends 
credit to the model structure. 
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In several modelling studies concerning source-sink populations, dispersal 
strategies and rates were varied; the model outcome obviously depends heavily on the 
assumed flux of individuals between source and sink (Howe et al. 1991; Davis & 
Howe 1992; Donovan et al. 1995). Dispersal success depends on the spatial 
configuration of the landscape. Size and distance of surrounding patches determine 
the number of individuals immigrating to a patch. Only a mechanistic dispersal model 
can calculate reliable and quantitative data of transition probabilities in a known 
landscape. This, however, requires a thorough understanding of the underlying 
process. 
We believe that our model's simple approach to dispersal is still sufficient to 
explore the effects of sinks on sources. Although the rate of dispersal (percentage of 
individuals leaving a patch) was fixed in our study, assuming different transition 
probabilities (reflecting dispersal success) could vary the number of actual dispersers. 
We expect that this approach will underestimate the effects. Field data show that adult 
songbirds change site after an unsuccessful breeding event (e.g., Foppen & Reijnen 
1994); this might also be the case for the reed warbler (Catchpole 1972). Therefore, 
assuming an equal number of potential emigrants, the dispersal flux from sink to 
source will be larger than vice versa, which will enhance the positive effect of sinks on 
resilience in source patches. More field studies on dispersal are needed to provide 
more insight into dispersal processes and more quantitative data (Davis & Howe 1992; 
Donovan et al. 1995). 
Sinks and species protection 
Our results indicate that sinks can contribute to the stability of sources under certain 
conditions and thus support our third hypothesis. Few researchers have explored the 
effects of sinks on sources (but see Pulliam & Danielson 1991). Howe et al. (1991) 
used various assumptions about dispersal strategies to test source-sink relations. In 
general, their results are in accordance with our data: sink populations promote larger 
overall metapopulation size and larger source population size, and thus sink 
populations can prolong survival of declining metapopulations. 
Only when the flux of individuals between sink and source populations is large 
will there be a clear benefit in terms of a better resilience and a higher population size 
(Figure 5.4). Managers and planners should note that even small and seemingly 
unimportant landscape elements can contribute to the viability of larger, higher-quality 
patches. Creating and conserving small elements functioning as population sinks 
might not be considered a wise and efficient conservation policy as long as it is 
possible to enlarge the source areas with the same effort. In The Netherlands, 
however, we are dealing strictly bounded nature reserves. The surrounding land is 
100 
B R I D G I N G G A P S I N F R A G M E N T E D M A R S H L A N D / C H A P T E R 5 
usually used intensively for agriculture. We have shown that strips of reed vegetation 
(e.g., along ditches crossing arable land) within a few kilometres of large marshlands 
can function as a buffer zone and contribute to metapopulation stability, not only by 
raising total population size but also by improving the resilience of source areas. In the 
case of the reed warbler, our guess of a maximum width of such a belt would be 2-5 
km, depending on the spatial configuration of other small elements. This rule of 
thumb probably holds for several other small songbirds with short or moderate 
dispersal abilities. 
The size of the sink seems less important than its distance to the source, as 
reflected by the transition probabilities. Sinks at sizes of 10-50% of the source size are 
large enough to host emigrating individuals from the source and return individuals the 
following year. In the case of reed patches in the study area, this implies the need for 
at least a number of small habitat elements (10-50) close to the source to create an 
optimal spatial condition for sustainable sink-source populations of the reed warbler. 
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Appendix 5.1 METAPHOR-reed warbler, a model simulating 
population dynamics in a spatially explicit environment 
Mortality algorithms 
Mortality in patch i with, for example, n male individuals is the result of n Bernoulli 
trials with probability x • Th.e result has a binomial distribution with an expected 
value of NmiXHmi , 
where Nm, is the number of males in patch i and \im (. is the expected mortality for 
males in patch i. 
The expected individual mortality jU(. in a patch consists of the following components: 
where /J,0 refers to the annual background mortality in optimal habitat in absence of 
density dependence, and fld i refers to the density dependent component. 
The standard deviation corresponds to the observed natural variation in death rate, 
excluding the effect of demographic stochasticity. The \id i increases exponentially 
(with coefficient 2) with the ratio of density N to carrying capacity KJ: 
^ , ,=K-MJ- 1L 
K, 
-a 
where \iL and flH are the mortality under low and high density. 
Recruitment algorithms 
Recruitment -male offspring in this example- per reproductive female in patch i is 
calculated from the parameters f$L (recruitment at low density) and (5H (recruitment 
at high density) as follows: 
Pm.l=pL.m-( Km~Km )>< 
N. 
rf,i 
K, 
where Nr^ refers tot the number of reproductive females in patch i and Ky to the 
carrying capacity for female. 
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Empirically based models to assess the spatial 
condit ions of Dutch marshlands for persistence 
of the bittern {Botaurus stellaris) 
Summary 
The amount of suitable habitat of the bittern Botaurus stellaris in The Netherlands, 
consisting of wet reed beds, severely declined in the last century. The bittern 
population also declined; it is currently estimated at about 150 pairs. This study 
describes a spatial analysis of the presence-absence pattern in 334 habitat patches. 
Besides the area of reed, the connectivity of the patch proved to be a highly significant 
explanatory variable for occurrence. We attribute the high percentage of absences of 
the bittern in the east and south of the Netherlands to the low density of marshland 
habitat. 
To make predictions about the occurrence pattern on the basis of the 
distribution of habitat, rather than using the results of an analysis of presence-absence 
data we developed a rule-based model, SCAN. The model is based on rules for 
carrying capacity of patches and dispersal capacity, which were derived from literature. 
SCAN calculates connectivity values for grid cells of 250x250 meters, using a map 
with reed vegetations in the Netherlands. The model output correlated quite well with 
the incidences predicted with the statistical model. We conclude that this type of 
model is a valuable instrument for problem detection and exploration of valuable 
spatial solutions, for instance scenarios with marshland restoration. 
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Introduction 
In Western Europe the bittern Botaurus stellaris is a typical representative of reed-
dominated freshwater marshlands (Hagemeijer & Blair 1997). In many countries 
bittern populations have declined (Tucker and Heath 1994). In the Netherlands the 
population decreased from around 1500 in the early seventies to 200-300 in the early 
nineties (Osieck & Hustings 1994; SOVON 1987) and 140-160 at the turn of the 
century (Van Dijk et al. 1999). This population development parallels those of many 
marshland bird species. Marshland birds are flagship species for nature conservation 
in The Netherlands. Many species, including the bittern, decreased in numbers and 
distribution, and occur on the Red Data List (Den Boer 2000). 
As factors causing the decline were proposed habitat destruction and 
unfavourable management practices causing habitat degradation. Species like bittern 
(Tyler et al. 1998), great reed warbler (Acrocephalus arundinaceu?) (Graveland 1998) and 
savi's warbler (Locustella luscinionides) (Osieck & Hustings 1994) have in common that 
they prefer early stages in the hydroseral succession of reed vegetations (Phragmites 
australis). The rate of succession probably increased due to a loss of water table 
dynamics, euthrophication and changes in vegetation management practices 
(Graveland & Coops 1997; Tyler et al. 1998). Consequently, this lead to a decrease in 
the area of suitable breeding and foraging habitat. 
Loss of suitable habitat leads to an increase of the degree of fragmentation. 
Fragmentation starts with splitting up continuous habitat patches in several fragments. 
At first the effects can be described by the mere effect of habitat loss (Jaeger 2000). In 
intermediate stages of fragmentation the effect of isolation plays an important role 
and metapopulation processes (Andren 1994; Villard et al. 1999) can adequately 
describe the dynamics of populations. The metapopulation concept predicts that at a 
certain stage of fragmentation local stochastic extinctions are no longer outbalanced 
by recolonisations from remaining occupied sites (Hanski 1994,1999). This will 
eventually lead to the extinction of the metapopulation. The absence of a species in 
seemingly suitable, though isolated, habitat patches indicates the existence of 
metapopulation processes. A complicating aspect is that the current status of many 
populations might not reflect the actual situation because it is likely that the 
distribution of populations lags behind landscape changes (Tilman et al. 1994). 
Up to now, the conservation of marshland birds concentrated mainly on the 
habitat quality and management perspectives of existing marshlands. If fragmentation 
would be an additional cause of population decline, a restoration of spatial conditions 
would be necessary as well. The growing awareness of the role of habitat 
fragmentation led to the creation of a National Ecological Network in the Dutch 
nature policy plan (NPP 1990). Consequently, a need for tools to evaluate the spatial 
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configuration of various marshland restoration alternatives developed (Verboom et al. 
2001). 
We developed and compared the practical use of different evaluation tools for 
habitat configuration, based on field data. We analysed distribution data of the bittern 
collected during a national five-year territory mapping survey (SOVON 1987). Using 
regression techniques we linked occurrence to spatial characteristics of marshland 
areas. The resulting statistical model was used as a tool to predict the effects of spatial 
configuration on bittern occurrence. As an alternative method, we developed a simple 
rule-based model that predicts bittern incidence depending on a connectivity value of 
the landscape. We compare and discuss the results of the regression model and the 
simple rule-based model, using criteria of utility and accurateness for various 
applications. 
Methods 
Data collection 
Data on occurrence of bitterns were collected during a five-year census period in the 
Netherlands. During 1979-83 around 3000 volunteers, involved in a monitoring 
scheme of SOVON (Dutch centre for field ornithology), collected data on species 
presence per month in a 5x5-km square (SOVON 1987). To obtain an indication of 
the breeding occurrences per square we used records during the months May-July. 
Then, for every square, the number of years present in the five-year period was used 
as an estimate of occupation probability. 
To describe the effect of spatial factors on the presence of bitterns, we 
performed a spatial analysis of the distribution pattern of the bittern in relation to the 
characteristics of its habitat (Opdam 1991; Opdam et al. 1995). The two spatial 
variables we analysed were patch size and isolation of the patch. 
In the Netherlands the bittern inhabits almost exclusively marshlands with reed 
vegetation. We constructed a map of reed marshlands using available topographical 
information. The minimal area size was 0.5-1 ha. The topographical information only 
provides information about the delineation of the marshland area. In order to get an 
estimate of the area of suitable habitat for the bittern, additional information was 
collected. For a large set of marshlands, including all marshlands over 100 ha, 
vegetation composition and marshland management information was gathered, e.g. by 
sending out questionnaires to landowners and nature management organisations 
(Foppen et al. 1999a). From this map the spatial characteristics of marshland habitat 
could be derived. All marshland elements were digitised using a GIS (Arclnfo). 
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For each patch, a coherent amount of reed vegetation, the degree of connectivity in 
the habitat network was defined as the weighted sum of the amount of habitat in a 
radius of x kilometres with x depending on the dispersal capacity of a species (see also 
Vos et al. 2000; Hanski 1994): 
connectivity = 2\Sj*A.*e " '' (1) 
In which Sj was the occupation status of the habitat element^ Aj was the size 
of habitat element j , D,y was the distance between the centre point of the chosen 
habitat element i and the border of habitat element/ The weighing factor a describes 
to which extent areas in the neighbourhood contribute to the immigration of a patch. 
For the bittern the value of a was estimated from ringing recovery data (Foppen et al. 
1999b). More than 75% of the dispersing individuals tend to stay within 50 km from 
site of birth or their breeding place. This is in agreement with observed recolonisation 
patterns in the United Kingdom, which showed that bittern usually settle in 
neighbouring patches (Tyler et al. 1998). Accordingly, the alpha value was set at 0.1. In 
order to explore the sensitivity of the connectivity parameter for this estimate we 
compared the residual deviance of the models for a values ranging from 0.05 to 0.5. 
Bittern presence is related to marshland quality. Factors like the degree of 
succession and the amount of early succession stages affected the occurrence of 
bitterns in the United Kingdom (Bibby & Lunn 1982, Tyler et al. 1998). However, we 
could not determine these factors from existing data sources, nor was it feasible to 
collect these data for the total number of reed marshlands in the Netherlands. Part of 
this variation is included in the variable marshland size, since larger marshlands, for 
instance, are less vulnerable to edge effects than smaller marshlands. Adding soil type 
as an explanatory variable approached another part of the variation. In the 
Netherlands soil type determines the type of freshwater marshland and consequently 
also the vulnerability for negative impacts like euthrophication (Schaminee et al. 1995). 
We used maps of the Netherlands with regional soil type indications (called 
fysiogeographical regions) to characterise the marshland areas. The following types 
were distinguished: marshlands on peat soil, sea clay, river clay, dune, Pleistocene 
sands, and brackish marshlands. 
The regression model 
We based our analysis on the assumption that the bittern population in the 
Netherlands approaches a metapopulation structure. Therefore, as focal elements in 
our analysis we had to define habitat areas that encompass a local population. In a 
local population random mating occurs and consequently it is assumed that spatial 
processes only play a minor role (see e.g. Verboom 1996). For continuous stretches of 
habitat this seems a reasonable assumption, but for areas close to each other this 
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might apply as well. Based on territory size of bitterns, we defined a local patch to 
include habitat elements at a distance of 750 meters or less, i.e. two areas with 
boundaries more than 750 meter apart are considered as two patches. The map with 
more than 1000 reed vegetation elements was transformed into a map with 672 
habitat patches. Next, based on an estimate concerning the minimal area requirements 
for one bittern territory, we selected all patches with more than 1 ha of suitable reed 
vegetation as potential sites of a local population (Bibby & Lunn 1982; Cramp 1977). 
This resulted in a set of 334 patches for the regression analysis (Table 6.1) 
For every patch, the occurrence status had to be estimated by linking the data 
with presence/absence in the 5x5 km squares to the habitat polygons. In squares with 
only one polygon this could be done easily. In squares with more marshlands we 
assigned the occupation status of the square to all of the marshland patches present. 
Thus: all polygons were considered as occupied when the square was scored as 
occupied. All marshland polygons in squares where no bitterns were observed were 
scored as unoccupied. This was based on the assumption that in every 5x5 km square 
each year a reasonable detection probability existed. This assumption was probably 
violated for the smaller marshlands because observers were more likely to pay 
attention to bittern presence in the larger marshlands, for instance, by observing at 
night (SOVON 1987). At most this has increased the likelihood of finding an area 
effect, but not an isolation effect. There is no reason to assume that detection 
probabilities in isolated patches are different from non-isolated patches. 
We applied a logistic regression analysis, with a binomial distribution of the 
dependent variable, using the statistical package GENSTAT (Genstat 5 committee 
1993). As the dependent variable we used the number of years that bitterns were 
observed in the 5-year observation period. Because more than two years present was 
only available as a pooled set, we used an algorithm in GENSTAT estimating the resp. 
three, four or five year occurrence with an optimisation procedure using the 
maximum likelihood and assuming a binomial distribution. 
Patch area, connectivity and marshland type were used as explanatory variables, 
for the first two the natural logarithm was used (Table 6.1). In addition, patch area was 
used as an offset variable to account for the effects of random sampling (McCullagh 
& Nelder 1989). The regression equation was: 
logit Y(years present) = constant + Bl*area+ Bi*soil type+ BjConnectivity (2) 
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Table 6.1 
Characteristics of the data set on marshland patches and bittern occurrence (total 
number of patches is 334). 
Type of parameter Characteristic Value 
Area of suitable reed vegetation (variatej 
Connectivity (variate,) 
Marshland types (factor) 
Bittern data (binomial) 
range in size (ha) 
median size (ha) 
median value 
range (logarithmic) 
dune sands 
Pleistocene sands 
peat land 
sea clay 
river clay 
brackish, old estuary arms 
patches never occupied 
patches occupied 1 year 
patches occupied 2 years 
patches occupied >2 years 
1-2350 
3.7 
14.8 
11.5-
17.7 
4% 
15% 
2 1 % 
37% 
16% 
7% 
52% 
17% 
1 1 % 
20% 
Whether spatial characteristics of the landscape contribute significantly to the 
regression model was tested using a three-step regression method (Van Apeldoorn et 
al. 1992; Vos & Stumpel 1996; Foppen et al. 2000). In the first step the area of a patch 
was entered as explanatory variable. In the second step the model was extended with 
explanatory variables describing the habitat quality, in this case soil type. Finally, 
connectivity was added to test whether fragmentation did play a role in explaining 
occurrence. 
The SCAN model 
We developed a predictive model within a framework of rule-based models for the 
assessment of population viability in fragmented landscapes, called LARCH 
(Landscape ecological Rules for the Configuration of Habitat) (Chardon et al. 2000; 
Verboom et al. 2001; Opdam in press) The SCAN module (Spatial Cohesion Analyses 
of Nature) was designed as a quick tool to assess differences in spatial cohesion in 
landscapes and to explore alternative solutions for fragmentation problems. Spatial 
cohesion is a combined product of size of habitat patches and the degree of 
fragmentation (the size of habitat patches in the surroundings), ecologically scaled in 
relation to the size requirements and mobility of species (Opdam et al. submitted; Vos 
et al. 2001). 
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As input the model uses habitat maps in grid cells. SCAN determines the spatial 
cohesion of a grid cell i by using the same connectivity function as mentioned for the 
statistical analysis: 
sc, =YsRUJ-e~ad* P) 
where: 
Sd is the measure for spatial cohesion of grid cell i 
a is the species specific dispersal capacity parameter (see equation (1)) 
dij is distance (km) between cell / and celiy 
RUj is the carrying capacity: maximum number of breeding pairs/territories in grid j 
By using the carrying capacity of a grid cell rather than the si ze of an area, the quality 
of a source patch can be included. A grid with a lower habitat quality will contribute 
less to spatial cohesion than a grid with high quality. 
The value of a Sd will vary between 0 (small and isolated) and 2-7t-RJJmax/ a2 
(continuous habitat) and is species specific. The density of breeding pairs/territories 
was derived from literature and partly based on expert judgement using population 
census data. The potential density was set at one territory or breeding pair per 10 ha 
of suitable reed vegetation. In case of the bittern the map with marshland polygons 
was transformed into a map with 250 x 250 meters grid size with and without habitat. 
This was a compromise between grid size, which should be small -grained relative to 
marshland size, and the number of grids which should remain as small as possible 
because of the calculation time of the model. 
Relating the results of the two models 
The SCAN model output, a spatial cohesion value per grid cell, can be related to the 
estimated probability of occurrence for a species as derived from the regression 
model. However, before this can be done it is necessary to transform the scores of the 
SCAN model, which have been made per grid, to the patch -based scores, which were 
the results of the statistical model. We made an overlay in a GIS (Arclnfo) and 
assigned every grid to one of the 334 marshland patches. Next, we summed the SCi 
values for all the grids that belonged to a certain patch because a summed value will 
not only represent degree of c onnectedness, but also will represent size (= number of 
grid cells). For further analysis we used a logarithmic transformation of this value 
(=SCpop). 
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Results 
Regression results 
In the study period the distribution of the bittern in the Netherlands was very 
discontinuous and patchy (Figure 6.1a). It appeared that the larger marshlands 
coincided with the grids showing a high frequency of occurrence in the 5-year period 
(Figure 6.1b). 
The explanatory variables (patch area, soil type and patch connectivity) were 
not significandy correlated. The best model explaining occurrence included all three 
the variables. The explained variance of the total model (25%) was reasonable, but 
indicated that still a large part of the variation was not captured by the model. The 
distribution of occupied and non-occupied patches on the variables patch area and 
connectivity overlapped greatly (Figure 6.2). Nonetheless, the patches where bitterns 
occurred during the study period were significantly larger and less isolated than the 
patches where no bitterns occurred (Table 6.2). 
Table 6.2 
Results of the regression analyses. 
Model estimate of significance of R2 adjusted 
last variable last variable total model 
"area reed ^05(5 <O001 17% 
area reed+ soil type * <0.001 20% 
area reed + soil type +connectivity 0.37 <0.001 25% 
* combined effect, estimates available per soil type 
The extra effect of area was negative, meaning that the occurrence of bitterns in large 
areas was lower than expected on basis of the random sampling effect. The estimates 
indicated that marshlands on peat soil and in floodplain areas had higher probabilities 
than the marshlands on other soil types. Finally, connectivity contributed significantly 
to the model. The model with the chosen alpha value (0.1) had a lower residual 
deviance than models we tested with alpha values of 0.05 and 0.5. To illustrate the 
effect of connectivity on occurrence of bitterns we predicted the probability of 
occurrence in a particular year depending on area reed and connectivity (Figure 6.3). 
For the marshlands on peat soil and sea clay (more than 50% of the patches) the 
model predicted that only in the very large patches, more than 1000 hectares, and in 
non-isolated situations (connectivity value >12) the probability of occurrence was 
higher than 0.50 (Figure 6.3a). For a marshland with 100 ha of suitable reed, the 
probability of occurrence increased from 0.15 to 0.70 going from the most isolated to 
the least isolated site (Figure 6.3b). 
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Figure 6.1. 
Occurrence of bitterns in the Netherlands in the period 1979-1983. (a) in 5x5 km grid 
cells (data collected by SOVON Bird Census Work). In black: present 3 or more years, 
dark grey: 2 years, light grey: 1 year, white: absent, (b) data converted to occurrence in 
reed marshlands. 
> 
50 % incidence 
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9 10 11 12 13 14 15 16 17 18 
In area reed 
Figure 6.2 
Graph plotting the area (natural logarithm) and the connectivity on resp. the x- and the 
y-axis. The open dots represent patches where the bittern was absent, the filled dots 
represent patches where the bittern was present. The line indicates incidence value 0.5 
as predicted by the regression model. 
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Figure 6.3 
Predictions from the regression model. A, the probability of occurrence (y-axis) in reed 
marshlands on peat soil in relation to the area (x-axis) and connectivity (z-axis); B, the 
probability of occurrence (and 95% confidence levels) of a marshland on peat soil with 
100 ha reed vegetation in relation to the connectivity. 
Model output and parameterisation 
In general, the results of the SCAN model showed that in the centre and northern 
part of the country the spatial cohesion was high as compared to other regions (Figure 
6.4). The peripheral marshlands in the east and south showed a low spatial cohesion. 
This corresponds very well with the maps shown in Figure 6.1. However, in the 
border region with Belgium, in the southeast, the model showed a low spatial 
cohesion although the empirical data indicated a high probability of occurrence. 
We related the SCAN model output (transformed from grid to patch) to the 
field observation data, i.e. the number of years in the 5-year period that bitterns were 
observed in a certain marshland patch (Figure 6.5). Although the variance is high, due 
to all kinds of white noise influences, as expected, there was a positive correlation 
between the measure for spatial cohesion (SCpop) and the occurrence. 
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<?==" 
Figure 6.4. 
SCAN map of bittern habitat in the Netherlands. The different grey shades represent 
different classes of spatial cohesion as determined by the SCi values. Also shown are 
the marshland areas, the patch colours indicating the number of years a bittern was 
observed (as in Figure 6.1). 
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Figure 6.5 
Relation between bittern occurrence in a reed patch (in a 5-year period) and the 
summed SCAN values in a patch. The arrows indicate the averages. 
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How well is the relation between the SCAN model output and the predictions of the 
regression model? The relation between the SCpop values and the predicted probability 
of occurrence of the regression model proved to be quite strong (Figure 6.6). We 
fitted linear, exponential and polynomial curves, and found that a polynomial curve 
had the best fit (R2 = 0.62, p<0.001). The fitted line suggested that there was some 
kind of threshold (around SCpop — 4) above which there is a strong, nearly linear 
relationship. This relationship was used to parameterise the SCAN data and to express 
the model results in terms of probability of occurrence. Tentatively, we distinguished 
three categories, (1) probability of occupation < 0.25: SCpop< 7, (2) probability of 
occupation 0.25-0.5: SCpop between 7 and 9.4 and (3) probability of occurrence > 0.5: 
SCpop > 9.4 (see also the blocks indicated in Figure 6.6). 
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Figure 6.6 
Relation between the predicted incidence by the statistical analysis and the summed 
SCAN values {SCpop) for 334 patches of marshland. 
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Discussion 
Fragmentation and bittern occurrence 
The regression analysis showed a clear effect of fragmentation on the occurrence of 
the bittern in the Netherlands. Although the effect of area was the most prominent 
one, connectivity effects were quite substantial. For the bittern the amount and spatial 
cohesion of habitat on the scale level of the Netherlands (roughly 150x300 km) is 
insufficient to guarantee a high probability of occurrence in each suitable marshland. 
The value of CX, representing the dispersal capacity, that gave the best fit (OC=0.1) 
indicated that habitat up to a distance of 20-40 kilometres contributed to the 
probability of occurrence in a patch. 
In a number of previous studies, mainly concerning forest birds, a negative area 
effect was explained by edge effects (e.g. Hansson 1983; Bellamy et al. 2000). 
Contrarily, we do not think that the negative extra area effect has a landscape 
ecological meaning, but rather attribute the effect to two habitat sampling biases. 
Firstly, for large marshland patches an overestimation of suitable reed vegetation is 
more likely than for small marshland areas. Secondly, small areas with reed vegetation 
are often situated in much larger marshland areas. This adjacent marshland vegetation 
is likely to contribute to the habitat of the bittern, but was not included in the area 
estimates. 
To what extent are the observed low connectivity values in the border regions 
due to neglecting potential habitat in neighbouring countries? We added all habitat 
patches larger than 10 ha within a distance of 40 kilometres from the border in 
Belgium and Germany. Moreover, the distance between the Dutch marshland clusters 
and the nearest occupied areas abroad are at a distance of at least 100 kilometres 
(Hagemeijer & Blair 1997; Foppen et al. 1999a). Thus, we consider the Dutch 
(meta)population of the bittern as relatively isolated from other European populations 
and consider the presented analysis representative for this metapopulation. 
A visual comparison of the SCAN results with the occurrence data shows a 
good agreement except in the southeast of the country. Here the model predicts a 
much lower probability. The reason is that during the survey (1979-83) a thriving 
population of bitterns (20-40 pairs) occurred in Belgium at about 25 kilometres of the 
Dutch border in the southeast. For the model we did not take this habitat into 
account because it disappeared during the eighties (Gabriels et al. 1994). This 
population probably has been the source for the smaller marshlands in the southeast 
of the Netherlands, which were found occupied during the bird-mapping period. So, 
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the SCAN model probably reflects the actual situation rather than the situation during 
the bird mapping period. 
U s e and comparison of both model approaches 
For a comparison of the practical value of the two modelling approaches, we first 
consider the criteria that a tool applicable for problem detection and scenario 
evaluation has to meet? Three aspects are important: reliability, utility and practical 
issues. 
The reliability of the statistical model is based on the fact that it is descriptive 
and therefore sticks quite closely to the empirical data. Furthermore, its reliability can 
be partly quantified by using confidence intervals based on the statistical relationship. 
Although, like many other simple, strategic models, the model is based on ecological 
processes, the SCAN model does not use ecological process parameters. The 
reliability of the SCAN model can only be checked by using additional data (preferably 
field data) as calibration. Validation of this model, and also of many others predicting 
incidences and viability of species, is laborious because many data are needed, usually 
over large areas and time spans (Verboom & Wamelink 1999). 
The accuracy, which also makes part of the reliability, can only be regarded in 
relation to the scale and purpose of the application. Both model approaches are 
capable of making accurate predictions on the scale level of the total set of marshlands 
in The Netherlands. Significance can be attributed to regional patterns of 
presence/absence, rather than to the probability of occurrence at the patch level. 
Concerning utility we have to keep in mind that a statistical model based on 
regressions, because of its descriptive nature, is not suitable for extrapolations outside 
the range of parameter values. Because most empirical studies encompass only a 
minor part of all variation in landscape configuration that is encountered in landscape 
planning, problems can be expected in application. A strategic model like SCAN does 
not have this drawback. Although in our example the model has been used for only 
one species, rule-based models are generic, the results are easy to extrapolate to other 
systems and landscapes. 
The utility of the models is strongly related to the purpose of the application. 
Both models should be used in a comparative sense, for instance by comparing 
various spatial configurations, like actual patterns from different regions or different 
planning scenarios. Both models capture only part of the variation in explaining the 
probability of occurrence and therefore do not describe real life situations. The 
estimates are based on variation in spatial variables, all other explanatory variables 
assumed being equal. On top of that, the SCAN model output in principle is not 
normative and therefore difficult to interpret. An output value of SCAN does not 
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state whether a particular patch is sustainable or not. Consequently, the model is only 
useful if additional information is being used to transform the output to indices that 
are easily interpreted. In our case we linked the output to results of our empirical 
analysis. Another way would be to develop standards, for instance by additional 
modelling exercises with tactic models (Verboom & Wamelink 1999; Verboom et al. 
2001; Opdam et al. submitted). A further aspect of utility is whether the tool is 
extendable to a multi-species or ecosystem approach. For instance evaluation of 
scenarios will have to be based on more than one species. Although we showed only 
one example for one species, the SCAN model is easily extendable to a multispecies 
approach, for instance by using species profiles instead of real species (Vos et al. 
2001). 
Finally, the third aspect: the choice for an adequate tool depends on some 
practical issues. What data are available, what time investment is allowable and what 
output is easy to communicate? 
A serious drawback for the statistical models that we used is that collecting the 
empirical data for most species is very time-consuming. In our case we used data that 
were available, collected by thousands of volunteers in a five-year period. Fortunately, 
for a large and growing number of species and landscapes in the Netherlands these 
data are available. 
As compared to using regression models with occupancy data, the SCAN 
model can evaluate plans in cases with no time or budget available to collect these 
data. The input consists of life history data that can be collected by reviewing 
literature or collecting expert judgement. 
The results of statistical models, for instance a regression result, are not easy to 
communicate to policy makers and landscape planners. The species-specific approach 
is very detailed and needs a lot of interpretation. SCAN produces output that is easy 
to communicate to potential users: based on indices presented on maps comparisons 
can be made of the spatial cohesion of certain ecosystems in a landscape. 
Reviewing the pros and cons we consider the rule-based models, like SCAN, as 
the more appropriate tool for evaluating the spatial cohesion of landscapes. The 
SCAN model is an example of a rule-based model that uses empirical data for valuing 
the output, avoiding a number of mentioned drawbacks. It will be a challenge to make 
the model more generic, i.e. finding a general rule for the interpretation of the basic 
model output. One way would be to develop such a rule by analysing a large number 
of species distribution patterns. Another way would be to develop such a rule by 
explorations with a strategic metapopulation model (see e.g. Verboom et al. 2001; Vos 
et al. 2001). This latter approach has the advantage that the results can be expressed, 
not in terms of probability of occurrence, but in terms of population viability. 
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Lessons for marshland conservation 
To conserve threatened and valuable marshland species, like the bittern, a high 
priority should be given in developing favourable management programs in the 
remaining breeding sites (Graveland 1998; Tyler et. al. 1998). However, the results of 
the study presented here show that apart from measures to improve habitat quality an 
effective bittern conservation plan needs to include a spatial component. In many 
Dutch regions the spatial cohesion of marshlands is so low that improving habitat 
quality only is not effective. Moreover, it was suggested that isolated populations are 
less resilient to large population disturbances (Foppen et al. 1999a). This is particularly 
relevant for bitterns, because harsh winters regularly cause population crashes (Cramp 
1977). 
The spatial configuration of marshlands in the Netherlands can be improved 
for large marshland birds like the bittern by enlarging the existing marshlands in the 
northwest of the country up to at least 5000 ha. At this size populations are 
considered to be viable in a habitat network (Verboom et al. 2001). Furthermore, in 
the southwest and along the large rivers in the middle of the country, marshland areas 
should be restored. As a rule of thumb we assume that these areas, which should 
function as stepping stones between the larger marshlands, ought to be at least 500 
hectares. This will lead to a higher incidence in the border regions in the south and 
east of the Netherlands and thus to a more efficient occupation of suitable habitat. 
Assuming that the same standards apply to other populations, these figures might also 
be used in other parts of Europe. 
We advocate the use of a quick scan model, like the one presented here, 
because it will be helpful in designing and evaluating the most efficient spatial strategy. 
The model was applied to identify spatial ecological problems in the Netherlands and 
furthermore to underpin nature restoration area claims in relation to other area 
demanding functions like urbanisation, industry, infrastructure and agriculture 
(Natuurbalans 2000; Den Boer 2000). 
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7 Introducing the key patch approach for habitat 
networks with persistent populations: an 
example for marshland birds. 
Summary 
In landscapes where natural habitat is highly fragmented, any method for assessment 
of population persistence or potential for biodiversity should be based upon 
metapopulation theory, taking into account the spatial and temporal dynamics of 
species. We argue that methods based upon species distribution data, population 
viability analyses (PVA) or landscape indices alone all have severe flaws. We introduce 
an approach based upon a combination of the three methods, in which ecologically 
scaled landscape indices (ESLI) are compared to spatial standards derived from both 
analyses of distribution data and PVA-type simulations. We derive spatial standards, 
introducing the key patch approach. Key patches are large patches with a stabilising 
role in habitat networks. Key patch standards were developed using spatial analysis of 
presence-absence data and calibrated metapopulation models for marshland bird 
species. We show examples of the application of this approach in land use 
management at both regional and national planning scales. 
Introduction 
In order to protect and manage biodiversity in landscapes, there is an urgent need for 
both ecological indices that quantitatively assess a current or future situation, as well 
as for standards, simple numbers linked to the indices, that can serve as a guideline for 
answering questions like 'how much is enough' and "what is the best solution" 
(Opdam et al. 1995). For continuous habitat areas, considered as isolated from others, 
examples are the index 'population size' with the standard 'Minimum Viable 
Population (MVP) size', and the index 'habitat area' with the standard 'Minimum Area 
Requirements (MAR)' (see e.g. the reviews by Soule 1987; Remmert 1994). More 
sophisticated ecological indices that can be aggregated for more species, are for 
example the population size relative to MVP size, or reserve area relative to MAR. 
The latter two are useful measures of population persistence, particularly if applied in 
a comparative way, such as when comparing different land use scenarios. This is 
meaningful even if the standards have a high level of uncertainty. 
In human-dominated landscapes where natural habitat is scarce and scattered, 
the MVP/MAR approach is not sufficient because few, if any, patches are large 
enough to conserve populations of target species in isolation. As an alternative 
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strategy, species may be conserved in networks of patches that allow persistent 
metapopulations (Levins 1970; Verboom et al. 1993; Hanski 1997; Hanski & Gilpin 
1997). For planning purposes, we need indices and standards to assess whether the 
spatial conditions of a network allow persistent metapopulations. Indices may express 
characteristics of metapopulations, or, more practical for application, they may express 
features of the landscape network that influence populations persistence. 
Much has been written recently about nature reserve selection algorithms based 
upon the presence/absence of species. Pressey et al. (1997), for example, compare 30 
different algorithms (see also Rossi & Kuitunen 1996; Freitag et al. 1997; Fagan & 
Kareiva 1997). These approaches, however, do not take into account spatial relations 
among habitat patches and are thus unsuitable for habitat networks in landscapes 
where metapopulation dynamics are expected to occur. Some distribution-data based 
approaches do take these spatial relations into account (Hanski 1994,1997). However, 
in highly fragmented landscapes, the occurrence of a species at a certain moment in 
time does not mean that the species has a persistent population for at least two 
reasons. First, the concept of the metapopulation tells us that not every patch will be 
occupied in all years but can still be an important site for a species. Second, what we 
see as distribution patterns of species are the result of historical land use patterns and 
historical events, and it is likely that populations lag behind landscape changes (Tilman 
et al. 1994). For both reasons, landscape conservation planning cannot be based 
entirely upon distribution data. See for a more detailed discussion Ter Braak et al. 
(1998). 
Another method of assessment is using spatially realistic Population Viability 
Analysis (SPVA) to determine the management perspectives for certain species, 
usually key species, indicator species, or endangered species of specific interest (Lande 
1988, Lankester et al. 1991; Lindenmayer & Possingham, 1994, 1995). As opposed to 
the distribution data based approach, here we can take into account the dynamical 
processes of the populations. However, there are several problems with this approach 
(Verboom et al. 1993; Ralls & Taylor, 1997), e.g., it is a time consuming activity, 
difficulties exist in calibrating and validating the models and the outcome shows a 
wide range of uncertainty. 
Instead of using species distributions or dynamic modelling, one can evaluate 
the landscape by calculating landscape indices; statistics such as habitat area, number 
and density of patches, and various connectivity measures such as cohesion indices. 
These techniques are readily available in GIS packages (See Gustafson (1998) for a 
review. The merits of this approach, as opposed to those based upon distribution 
patterns, are that one can calculate these statistics not only for existing landscapes, but 
also for future landscape scenarios, and it is not so time consuming. Important 
drawbacks are: (1) the problem of relating landscape statistics to population 
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fluctuation; and (2) the lack of reference values and standard (Gustafson 1998; 
Opdam in press). 
Such problems can be overcome by scaling the landscape measures ecologically. 
Vos et al. (2001) presented an approach to ecologically scaled landscape indices 
(ESLI). The problem to overcome here is to distil the enormous variety of potential 
landscape patterns into simple measures that have ecological meaning. This paper 
develops an approach that classifies networks according to the presence and absence 
of a single or several relatively large patches. If large enough, such a patch is called the 
key patch, a continuous area of habitat for a species where a population may occur 
that is persistent under the conditions of at least one immigrant per generation. 
This paper focuses on (1) introducing the key patch concept in relation to 
species persistence in a landscape; (2) developing indices for key population persistence 
and key patch size; (3) defining standards for these indices related to the minimal 
required spatial conditions for population persistence in habitat networks. In the 
framework presented here, we identify habitat patches for populations and habitat 
networks for metapopulations, and assess patch and network carrying capacity. 
Subsequently, we determine whether these habitat networks meet the standards for 
minimum key patch size and minimum cohesion of the habitat network, with respect 
to a species or a certain ecological profile (cf. Vos et al. 2001; Opdam in press). The 
index for the habitat patch is the key patch area for a species, with minimum key 
patch size as the corresponding standard. Likewise, the index for the key population 
standard is the number of reproductive units (e.g. breeding pairs) at carrying capacity, 
and the corresponding standard is the minimum number of reproductive units in a 
continuous patch needed for viability. Definitions are listed below. 
• Key population = relative large local population in a network, which is persistent 
under the condition of one immigrant per generation. 
• Persistent or viable population = population with a probability of at least 95% to 
survive 100 years. 
• Minimum key population size = population size with a probability of exactly 95% 
to survive 100 years under the assumption of 1 immigrant per generation. 
• Key patch = patch with a carrying capacity large enough to sustain a key 
population, and close enough to other patches to receive, on average, one 
immigrant per generation. 
• Minimum key patch size = patch size just large enough to allow a key population. 
• Metapopulation = set of populations in a habitat network connected by inter-
patch dispersal. 
• Habitat network = set of habitat patches in a landscape matrix between which 
exchange of individuals is possible. 
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Sustainable network = habitat network with carrying capacity allowing a viable 
metapopulation 
Introducing the key patch 
Pragmatically, we chose to follow the common definition of viability with a risk level 
of 5% per 100 years (Shaffer 1981, 1983). This corresponds with a mean time to 
extinction of 1950 years and an average yearly extinction risk of 0.000513. The 
consequence of this choice of risk level is that out of every 20 species, we are willing 
to risk losing one on average every 100 years. The question of what risk level should 
be used is not one for ecologists to answer, but rather one for managers. The 
approach outlined in this paper is easily adjusted to any other risk level, e.g., 1% in 
1000 years. 
By definition, key populations are viable due to immigration from the 
surrounding populations. However, they are so large that little immigration suffices 
for viability. The standard for viability for key populations depends upon the choice 
for an immigration level. In this paper we have chosen one individual per generation 
(cf. Mills & Allendorf 1996). Thus, by definition, a key population is persistent 
because of its low extinction rate (due to its large size), compensated by an equally 
small recolonisation rate, due to one immigrant per generation. We define a key patch 
as a patch in a network that supports a key population. 
Inferring standards for key patch and population sizes from 
empirical data 
The standards for key patch sizes can be found by analysing empirical data on 
distribution of species in a habitat network. We analysed extinctions by looking at 
patterns of presence and absence of species from snapshot data sets, using logistic 
regression for analysing how the pattern of occupation relates to patch size and 
connectivity. 
We used existing data sets describing presence/absence of marshland birds in 
The Netherlands. Marshland systems in The Netherlands are highly fragmented and 
bird populations show the characteristic distribution of a metapopulation with patches 
being occupied and empty (Opdam et al. 1995; Foppen et al. 1999). Four species were 
selected from a larger set of data based on the fact that these species showed a 
significant effect of spatial characteristics on occurrence: reed bunting (Emberi^a 
schoeniclui), reed warbler (Acrocephalus scirpaceus), bittern (Botaurus stellaris) and bluethroat 
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(Luscinia svericd). In Table 7.1 we present an overview of the characteristics of the data 
sets we used for determining the key patch size. 
The regression models contained the following variables: 
1. Area/size of habitat patch. This is the available area of suitable habitat, but also 
can be expressed as perimeter of a patch 
2. Habitat quality variables. The habitat quality variables depend on the species 
(references in Table 7.1). 
3. Connectivity as a measure for the degree of isolation. We used a connectivity 
measure described by Hanski (1994) and successfully applied in pattern analysis 
studies (see e.g. Vos et al. 2001; Foppen et al. 2001). 
Connectivity for patch i = \A -e"^, 
where Aj is the area of habitat patch j , Dij is the distance between centre point 
of patch i and patch j , a is the weighing factor based on a judgement 
concerning the dispersal capacity of the species. 
Based on the regression analysis, we predicted the probability of occurrence 
depending on habitat area, quality, and connectivity. Predictions were made for a 
range of area size and connectivity combinations. For practical reasons a fixed quality 
was chosen based on the average value or, in case of factors, on the most numerous 
level of the quality variables in the regression. From these results we could estimate 
the key patch size. The probability of occupation, P, relates to colonisation rate c and 
extinction rate <? as P = c/(c+e) (Ter Braak et al. 1998; Hanski 1994). For a key patch 
with immigration rate of one individual per generation, e equals 0.000513. We estimate 
that c is in the order of magnitude of 0.01, which means that it will take on average 
100 years for an empty patch to be colonised by a thriving key population with an 
immigration rate of one individual per year. The discrepancy between rate of 
immigration and rate of colonisation is because, for colonisation, at least two 
individuals of opposite sex have to arrive in the same year. They have to find each 
other and establish a breeding territory together, and from this population state with 
one male plus one female the key population must re-establish in spite of 
demographic and environmental stochasticity, Allee effects and high juvenile dispersal. 
With c — 0.01 and e = 0.000513 a patch stays occupied on average for 1950 years and 
empty (no population of any significance) for 100 years. This situation corresponds 
with P=c/(c+e) = 0.95. 
To transform the key patch size, which is a landscape index, into an ecological 
meaningful index, we calculated the key population size. This allows generalisations, 
e.g. enables comparison between species. Furthermore, this standard is independent 
of population density variation due to habitat quality differences between patches. Key 
population size can be calculated by multiplying the key patch size with the density of 
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the species under carrying capacity. These density figures at carrying capacity were 
estimated from the field data. Due to stochastic effects populations will fluctuate and 
often the population size will not reflect carrying capacity. We assumed that the 
carrying capacity corresponds with the maximum densities (e.g. obtained in a time 
series) observed in a certain habitat type (see Table 7.1). As an example, if for species 
X the key patch standard is 2000 ha and the density at carrying capacity is 0.01 pair 
every ha of habitat then the resulting key population size is 20 pairs. 
Table 7.1 
Overview of the marshland bird datasets that were used for the logistic regression 
based on presence/absence snapshot data (1 year). 
Bird species Size study No. of Density 
area patches 
(km2) 
Reference 
Bittern (Botaurus stellaris) 40000 
Reed warbler (Acrocephalus scirpaceus) 2000 
Reed Bunting (Emberi^a schoeniclus) 900 
Bluethroat (Luscinia svecica) 900 
662 
669 
186 
71 
1 per 500 ha 
1 per 125 m* 
1 per 0.6 ha 
1 per ha 
Foppen 
(1996), Ch. 2 
Foppen et al 
(2001) 
Foppen 
(1993), Ch. 2 
Foppen 
(1993), Ch. 2 
* instead of habitat area the perimeter of a habitat patch was used (Foppen et al. 2001) 
Key patch sizes for marshland birds 
Based on predictions generated by the regression models the relation can be shown 
between connectivity, the size of the habitat patch and the probability of occurrence 
(Figure 7. 1). Reed bunting and bluethroat (Figure 7.1A and D) show a large impact of 
connectivity on probability of occurrence, in a range from 0 to 1. Reed warbler and 
bittern (Figure 7.IB and C) show differences of a factor two. In Figure 7.2 for a 
relevant connectivity value (representing an isolated situation) the relation between 
habitat patch size and probability of occurrence is shown, including the 95%-
confidence limits, which indicates the credibility of the models. These predictions 
were used to determine the patch size at which a 95% probability of occurrence exists 
for a certain connectivity value. The size of the habitat patch was transformed to 
population sizes using the density figures from Table 7.1. Figure 7.3 shows the 
relationship between connectivity and patch size or carrying capacity. To find the 
standard for a key population size one ought to know the connectivity value that 
represents one immigrant per generation (following the definition). However, there is 
no function describing the relationship between the connectivity and the number of 
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immigrants. We estimated the most probable connectivity value that represents one 
immigrant combining: (1) demographic data of the species, e.g., number of expected 
recruits in a stable population; (2) the area of suitable habitat around a patch 
represented by a certain connectivity value; and (3) the density of a species. The 
results are presented in Table 7.2, the chosen range of connectivity also depicted in 
Figure 7.3 as grey bars. 
connectivity 16 In area in In area In ha 
Figure 7. 1 
Predictions based on regression models using species absence/presence in a large 
number of habitat patches showing the dependence of probability of occurrence for 
connectivity and size of the area. A. reed bunting, B. reed warbler, C. bittern, D. 
bluethroat. 
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Figure 7. 2 
Predictions based on regression models using species absence/presence in a large 
number of habitat patches showing the dependence of probability of occurrence for 
size of the habitat patch (either area or perimeter) for isolated patches (patches with a 
low connectivity). Presented are the predicted mean values and the confidence intervals. 
A. reed bunting, B. reed warbler, C. bittern, D. bluethroat 
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Figure 7. 3 
Estimates for patch sizes in ha (Yl-axis) and corresponding carrying capacity in number 
of pairs (Y-2 axis) with a 95% probability of occurrence according to the regression 
models. The estimates are presented for a range of connectivity values as derived from 
the study areas. The grey bars indicate isolated situations: our best guess for the 
connectivity values that represent approx. one immigrant per generation. A. reed 
bunting, B. reed warbler, C. bittern, D. bluethroat. 
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Table 7.2 
Estimated key population sizes for a selected range of connectivity for the four 
marshland bird species (estimates area based on predictions of the regression models 
and density of the species in the study plots). 
reed bunting^^ reed warbler bittern bluethroat 
Total range in connectivity 5-13 1-11 11-18 6-12 
Chosen connectivitya 6-7 2-4 16-17 7-8 
Estimated population size 27-39 59-159 10-20 25-33 
a
 Representing one immigrant per generation 
Significance of key patch approach for effective conservation 
We used a simulation model, called METAPHOR, for exploring the effect of different 
landscape configurations on population persistence, using the key patch standard as a 
reference. Our aim was to answer the question 'how much habitat is needed for viable 
populations in a habitat network with and without a key patch?'. 
METAPHOR is an individual-based (meta)population model (Verboom 1996). 
It simulates the population dynamics of a species in a landscape. The model is 
stochastic, taking into account the yearly variation in numbers and is spatially explicit, 
taking into account spatial subdivision. We used simulation models for two imaginary 
species. The models represent two species groups: a 'marshwarbler group', 
representing small short-lived species like reed and sedge warbler {Acrocephalus 
scirpaceus, A.schoenobaenus) and a 'bittern group', representing large heron species with a 
long life span like bittern (Botaurus ste/faris) and little bittern (Ixobrychus minutus). See 
appendix 7.1 for model description and parameter settings. 
We used a random landscape generator to create a large number (1000) of 
'random marshland landscapes'. The areas were randomly extracted from a set of data 
consisting of the area frequency distribution of reed marshlands in The Netherlands. 
The total size of the study area was 150x150 km and 20x20 km respectively for the 
large and the small species. These dimensions are in proportion to the dispersal 
capacity of the species and the assumed network sizes (see also Foppen et al. 1999). 
Two series of random landscapes were developed, one with and one without key 
patches. The percentage of habitat in these landscape series started with < 1 % and 
stepwise the total area size was increased with a maximum of about 20%. We 
computed how much more habitat besides the key patch is needed to create a viable 
situation (<5% extinction probability in 100 years) and how much habitat is needed 
when no key patch population is present. 
The model was calibrated using a configuration with one key patch and a fixed 
immigration of one immigrant per generation. By definition, under these 
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circumstances, the extinction chance is about 5% in 100 years. We based the key patch 
sizes on the empirical analyses of the previous section, 100 pairs for the 
'marshwarbler' and 20 pairs for the 'bittern'. Next, for every configuration after 
simulating for 100 years an 'extinct' or 'extant' population was recorded. Extinction 
probabilities were generated using 100 runs for each situation. 
As a result of the exercises with the simulation model the relation between the 
immigration rate (in number of immigrants per generation) and the minimal size of a 
viable population can be shown. We used the 'bittern' model as an example (Figure 7. 
4). In this case the key population size was set at 20 pairs assuming an immigration 
rate of one. With five individuals per generation this number would decrease to about 
seven pairs. 
As expected, the size of sustainable networks without a key population is larger 
than for networks with a key population (Table 7.3). The values for the 'bittern' show 
a larger variance compared to the 'marshwarbler' results. For this species at least four 
times the key population size is needed for a sustainable network as opposed to c.1.5 
times for the 'marshwarbler'. 
.a 
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Figure 7. 4 
The relationship between immigration rate (individuals per generation) and the 
minimum area required for a viable population (i.e. a population with an extinction 
probability of 5% in 100 years). Results are from the individual-based simulation model 
METAPHOR (Verboom et al. 1998; Foppen et al. 1999, 2001), parameterised and 
calibrated for the bittern. 
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Table 7.3 
Population sizes (in pairs at carrying capacity) in two landscape configurations as a 
result of METAPHOR simulations for a 'bittern' and a 'marshwarbler'a. 
sPecies. KP _ _ networkjaHthKP network; without KP 
Bittern
 20 83 (62-191X1 122 (97-10091 
Marshwarbler IQQ 130(120-1751 150(132-1601 
a
 Average size and range for a network with and without a key population (KP). 
Generalisation to other species groups 
We reviewed existing data concerning minimal viable population or key 
patch/population sizes for other species groups than marshland birds. Part of the data 
had an empirical basis; part was based on modelling. Time series data showing 
presence/absence in sites could be transformed into an estimate for key patch size 
using a simple regression of size of population vs. probability of extinction per year. 
We selected data of populations that were not completely isolated, but could not 
identify the exact number of immigrants per year. Probably most figures are an 
underestimate of the key patch size. We grouped the species in several categories 
taking into account size and longevity. The data on birds are quite consistent and are 
comparable with the figures from the empirical data on marshland birds (Table 7.4). 
For small mammals the population sizes appear to be higher although they are in the 
same order of magnitude as the reed warbler data. 
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Table 7.4. 
Overview of data for key populations for other species groups a. 
Species group 
Empirical data 
Small mammals 
Medium-sized 
birds 
Birds 
Birds 
Birds 
Birds 
Modelling data 
Large mammals 
Medium-sized 
birds 
Species 
Various 
Nuthatch 
{Sitta 
europaea) 
Various 
Various 
Various 
Various 
Badger 
(Meles meles) 
Nuthatch 
Repro-
ductive 
units 
299 
25 
32 
25 
18 
12 
30 
40 
Range 
247-423 
oo 
-
16-62 
15-25 
8-28 
? 
? 
Type of data 
Time series 
Time series 
Time series 
Time series 
Time series 
Time series 
Simulation model 
BADGERSIM 
Simulation model 
WINK 
Source 
Limaetal. 1996 
Verboom and 
Schotman, unpubl. 
results 
Rosenzweig and 
Clark, 1994 
Ryan and Siegfried, 
1994 
Pimm etal., 1988 
Diamond, 1984 
Verboom et al., 
1991 
Schotman & 
Verboom, unpubl. 
results 
a
 Estimates derived from empirical data are regression results using time series with 
presence/absence data (see methods section). Modelling data are based on simulations with 
metapopulation models. 
From empirical data to application, setting up a simple expert 
system 
In order to assess sustainability (for individual species) and spatial cohesion 
(aggregating results of more species) of landscapes we developed the decision support 
system LARCH (Landscape ecological Analysis and Rules for the Configuration of 
Habitat, Reijnen et al. 1995; Chardon et al. 2000). 
Based upon the empirical analyses on marshland birds and with the additional 
information concerning other species we tentatively set up a standard for key patches 
and for sustainable network size with and without key patches (Table 7.5). We divided 
animals in different categories, taking into account size and longevity. The assumption 
that larger numbers are needed in small and short-lived species (following Goodman, 
1987; Belovsky, 1987 and others) was in accordance with our results. 
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Using LARCH, the viability of a (meta)population can be assessed for a species in a 
fragmented landscape. Therefore the species has to be characterised by the following 
parameters: 
1. habitat requirements, in order to make a reliable habitat map 
2. density, in order to determine the carrying capacity 
3. dispersal capacity, in order to determine size of the habitat network 
4. 'key population' category (Table 7.5), in order to determine standards for key 
population, and network population size. 
Table 7.5 
Proposed standards for key population size (KP) and for Minimal Viable 
MetaPopulation (MVMP) sizes in configurations with and without a key population". 
Species group KP Network Network 
with KP without KP 
Long-lived/large vertebrates 20 80 120 
Middle-long lived/medium sized vertebrates 40 120 200 
Short-lived/ small vertebrates 100 150 200 
a
 Figures represent number of pairs/territories/families (depending on species group). 
LARCH has been applied in many studies at the regional, national and international 
scale (Reijnen et al. 1995; Foppen et al. 1998; Chardon et al. 2000). We illustrate how 
it works with a single-species landscape cohesion assessment and an example in which 
results for many different species are aggregated into an index representing the degree 
of spatial cohesion. A vegetation cover map with sufficient detail is needed together 
with a database that connects for particular species vegetation types to density figures. 
In the following examples a 250x250m grid vegetation cover was used. Based on this 
vegetation cover, habitat availability and thus patch carrying capacity could be 
determined. We used, as an example to illustrate a single-species assessment, the 
bluefhroat in the river Meuse basin (Figure 7. 5). The river manager (Ministry of 
Transport, Public Works and Water Management of The Netherlands) developed two 
river habitat restoration scenarios and asked for a comparison of the expected viability 
for key species of the river ecosystem. 
First, a selection was made of vegetation types where the species could occur. 
Next, density figures were retrieved from a species database and marshland patch 
carrying capacity could be calculated. The patch carrying capacity was compared with 
the standard for key populations. Finally, networks were determined and total network 
carrying capacity was compared with the standards for minimum viable 
metapopulations with or without key patch for the appropriate species category 
(medium-sized bird). For the bluethroat, this resulted in a qualification of no viable 
populations in the present situation (A), no networks with viable metapopulations and 
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no key patches in scenario B, and two sustainable networks (containing viable 
metapopulatdons) with key patches in scenario C (Figure 7. 5 A-C, Chardon et al. 
2000). A sensitivity analysis showed that the results are moderately sensitive to some 
of the parameters, especially the density parameters that determine local carrying 
capacity (Van der Lee et al. 2000). These density figures are derived from field data; 
bird census data play an important role in determining density figures and habitat 
requirements. 
| ^ Habitat A 
Study area Sand Meuse N 
I | Sustainabk* network 
| | Non-sustainable network p j ^ 
Figure 7. 5 
Result of a single-species species viability evaluation of a part of the river Meuse for 
three different scenarios (A, current situation, B and C, two nature restoration 
scenarios) for a small marshland songbird, the bluethroat. In grey the study area (length 
appr. 150 km), part of the river Meuse and its floodplains. The black spots and lines in 
and around the study area show the suitable habitat patches. The buffers around the 
sites show the patches that belong to one habitat network. In scenario A, the current 
situation, no key patches, the habitat is scattered into several small networks that are 
not large enough to meet the standards: not sustainable networks. In scenario B, more 
habitat is available, but no key patches occur, the networks do not meet the standard 
for 'minimum viable metapopulations without key patch(es)'. In scenario C, key patches 
occur and both networks are sustainable, i.e. meet the standard for 'minimum network 
size with key patch(es)'. Note that all potential habitat in the surroundings has to be 
considered in the analysis as well. The parameters for the bluethroat are, maximum 
dispersal distance = 5 km, key patch = 80 ha of optimal habitat. After Chardon et al. 
(2000). 
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Example two shows how such results can be aggregated into an index for 
spatial cohesion of areas under different scenarios. In this case, the fraction of species 
having a key population in an area was used as a spatial quality index of core 
marshlands of The Netherlands from the National Nature Policy Plan (NPP 1990). 
The analyses are based on a vegetation map indicating freshwater marshlands in 
The Netherlands. A core marshland is a continuous wetland of at least 5000 ha in size, 
usually a mosaic of water, macrophytes and forests. The analysis concentrates on 13 
species of marshland birds in a subset of 16 large marshlands. We have chosen these 
marshlands because they are large enough to have a high potential for key populations 
for more than one species. They constitute the backbone of marshland biodiversity in 
The Netherlands. In the current policy several nature restoration scenarios are being 
discussed. For instance, should we: (1) concentrate our restoration efforts in these 
core marshlands; (2) spread the efforts in trying to obtain one consistent ecological 
network, e.g. by filling up gaps between the cores; or (3) determine what minimum 
total area of restored marshlands is needed to reach a favourable conservation status 
for marshland birds? According to their longevity the 13 target species were assigned 
to one of the three key population standard classes (see Table 7.1). For instance, the 
key population size for the bittern was set at 20 pairs, the key population size for the 
sedge warbler at 100 pairs. 
Next, we calculated in which of the selected marshlands a key population of a 
certain species was expected to occur. As an example we show the effect of one of the 
scenarios by comparing it with the present situation (B and A respectively in Figure 7. 
6). In the scenario 50 000 ha of restored marshland was concentrated into 16 larger 
existing sites. This scenario seems favourable for marshland bird conservation, since it 
clearly leads to a higher proportion of species that are above key patch threshold in 
the selected marshlands. The results of a scenario can be compared not only to the 
present situation to rate its effect. The LARCH analysis allows an even more powerful 
application in the comparison of scenarios with different amounts of marshland 
restoration area and different spatial strategies. This can be helpful in finding the most 
(cost) efficient nature restoration scenario. 
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B 
Figure 7. 6 
Result of a multi-species viability evaluation for 13 species of marshland birds in a 
subset of 16 large marshlands in The Netherlands. The circles indicate the locations, 
with the proportion of species (in black) that have 'key' populations. A, the present 
situation; B, a scenario where 50,000 ha of new marshland is divided among the 16 
sites. 
Discussion 
Deriving standards from statistical regression models is encompassed with all kinds of 
uncertainties. As already stated, the 95% probability of occurrence is not directly 
comparable with a probability of survival of 95% in 100 years. Furthermore, the 
empirical analyses and the simulations do not include biotic interactions, source-sink 
dynamics, time lags, and spreading of risk. First of all, all analyses in this paper are 
based upon the consideration that a population can be viewed in isolation, as 
independent of other species populations, or that all biotic interactions are of the 
'white noise' type (independently fluctuating parameters). However, if populations are 
regulated by the dynamics of a food, predator, competitor, parasite or disease, and if 
furthermore there is a strong interaction between two or more species (feed-back 
loops), one cannot derive standards for key populations considering just one species. 
There is a need for more research here. Secondly, in species with source-sink 
dynamics (Pulliam et al. 1992) or other complex space-time dynamics with patches 
unequal in quality in space or time, one cannot estimate population size or carrying 
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capacity without knowing the population growth rate. Intrinsic growth rate may even 
be negative locally (sinks) while populations survive due to immigration from 
elsewhere (sources), see e.g. Foppen et al. (2001). Merely studying presence-absence 
or turnover patterns may lead to wrong conclusions if one disregards source-sink 
dynamics. Time lag effects (often referred to as extinction debt, see Tilman et al. 
1994) may lead to populations that are in disequilibrium with their surroundings. As a 
consequence, relict populations may be found in places where they could not settle 
again if extinct, but empty patches may occur simply because a species has not been 
able to (re)colonise them yet. Although time lag effects will be more profound in 
plants and invertebrates than vertebrates, they can be expected in long-lived 
vertebrates (slow extinction) and/or in all poor dispersers (slow colonisation). Just as 
with disregarding source-sink dynamics in space, underestimating the impact of 
spreading of risk may lead to erroneous conclusions (Den Boer, 1981). 
In this study, we used models only in a comparative way, to answer the 
question 'how much more is needed if the degree of fragmentation increases'. Even 
then, artefacts can arise. One of the weaknesses is the modelling of the dispersal 
process: algorithms for the emigration, the probability to go from a to b, the 
probability to survive and the probability to settle in the new patch are hard to derive 
from empirical data, but unfortunately have a profound effect on model results. A 
good example is the results for the 'marshwarbler', where fragmentation appears to 
have little effect on survival. Simulating with a large, single patch landscape causes loss 
of dispersing individuals. In a habitat network, however, dispersers have a fair 
probability to arrive in another patch. We found that the more fragmented the 
population, the higher the dispersal success. For a life history profile with short life 
span and high reproduction and dispersal, the model is probably too optimistic about 
the viability in fragments. 
In spite of all these aspects that may have lead to errors or high levels of 
uncertainty in the standards we propose here, we still see the advantage of applying 
them for nature conservation benefits. The key patch approach assesses the spatial 
quality of highly fragmented landscapes - where landscape cohesion should be a major 
issue - in a reproducible way. It has proven to be a useful assessment tool for several 
reasons. An important advantage of the key patch approach is that it is simple to 
understand, to implement, and to communicate to managers and policy makers. One 
does not need to do a complete survey of the study area or do extensive simulations. 
The results of such surveys and simulations were used to construct the database 
instead, from which results can be retrieved instantly. The results are therefore in 
many cases - especially when time is limited and vegetation maps are available - more 
useful than results based on distribution data, landscape indices or PVA alone. The 
key patch approach combines merits of all three, by using a spatial standard database 
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based on both empirical data and simulation models, and using ecologically scaled 
landscape indices for accessing the database. 
It is important to stress that the key patch approach has been developed for 
spatial cohesion analysis and implicitly assumes that all other habitat quality 
parameters remain unchanged! The influence of factors affecting population growth 
rate rather than carrying capacity (e.g. management activities, land use, desiccation, 
and acidification) on the viability of populations asks for a different approach. l ike 
already stated, these habitat quality aspects can lead to negative intrinsic growth rates 
(sink areas), in which case even for large areas no viable population can be expected. 
How should the key patch approach be improved? The standards presented here can 
easily be improved, as more knowledge becomes available of extinction processes. 
However, the greatest challenge lies in the indices. The current simplification into a 
key patch within a network and a network without a key patch should be replaced by a 
more continuous algorithm that takes into account the actual size and configuration of 
all patches. Interesting ideas come from Day & Possingham (1995), Adler & 
Nuernberger (1994) and Frank & Wissel (1998) where the configuration of patches 
plays a crucial role. There is a need for better statistics for characterising habitat 
networks; ecologically scaled landscape indices in terms of expected flow between 
patches. These indices should be better predictors of population persistence than the 
two ('network carrying capacity' and 'degree of fragmentation') presented here. New 
indices can be linked to population persistence by the same method as in the key 
patch approach by spatial simulation modelling. Apart from the need for theoretical 
research there is a need for more empirical research, especially on extinction and 
dispersal processes. 
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Appendix 7.1. The METAPHOR marshland bird population 
model 
METAPHOR simulates population dynamics of a species in distinct habitat patches. 
The model is stochastic for demographic and environmental fluctuations (see 
Verboom et al. 1998). A difference with existing models, like RAMAS (Akcakaya & 
Ferson 1992), ALEX (Possingham et al. 1992) and VORTEX (Lacey 1993) is that the 
dispersal algorithm is spatially explicit and this makes the model suitable for 
simulations under metapopulation conditions. 
We used two species specific models, for imaginary species, both representing a 
species group: a 'marshwarbler' and a 'bittern'. The parameters were derived from real 
species data. In Table 7.6 the characteristics of both species are shown. 
Table 7.6. Important parameter settings for the model species. 
parameter 'marshwarbler' 'bittern' 
life expectancy 2 year 10 year 
mortality 35-85%* 11-22% 
density ±1 pair per ha ±1 per pair per 100 ha 
maximal dispersal 20 kilometres 75 kilometres 
dispersal probability juveniles 0/7 (X5 
*large range representing resp. favourable and unfavourable wintering conditions in 
Africa 
Mortality 
Mortality is calculated on a yearly basis. It consists of a background component (/IQ), 
dependent on enviromental stochasticity (yearly fluctuations) and a density-dependent 
component fidd t in which density works exponentially. 
Mortalitity per sex and age are perfectly correlated. Mortality in patch i with for 
example n male individuals is the result of n Bernoulli trials with probability x • • Th e 
result has a binomial distribution with an expected value of Nm, XjUm. , 
where Nm, is the number of males in patch / and }Xm, is the expected mortality for 
males in patch;'. 
The standard deviation corresponds to the observed natural variation in death 
rate, excluding the effect of demographic stochasticity. The fld. increases 
exponentially (with coefficient 2) with the ratio of density N to carrying capacity IQ: 
144 
B R I D G I N G G A P S I N F R A G M E N T E D M A R S H L A N D / C H A P T E R 7 
vd,i=(/*H-vLy Hi 
where flL and \iH are the mortality under low and high density. 
The parameter value settings are based on literature values and also on iterative 
runs of the model using a large patch and assuming that the population is stable here 
as a result of a balance between recruitment and mortality. For the 'bittern' the 
mortality for high and low densities respectively on a yearly basis is 0.22 and 0.11. 
That corresponds with a mean life expectancy of 5-10 years and this is supported with 
data from Cramp (1992). For the 'marshwarbler' the mortality range was set 
respectively at 0.45 and 0.35 under normal conditions and 0.85 and 0.45 under 
unfavourable wintering conditions in Africa, based on Foppen et al. (1999) 
Reproduction 
Reproduction is expressed as yearly recruitment. Recruitment (male offspring in this 
example) per reproductive female in patch / is calculated from the parameters /3L 
(recruitment at low density) and f3H (recruitment at high density) as follows: 
Pm,i=pL,m-(PL,m-PH.m ) X 
N. 
rf.i 
K f,i 
where N^i refers tot the number of reproductive females in patch / and Kfi to the 
carrying capacity for females. Reproduction is influenced by environmental 
stochasticity, both in the number of offspring as in the mortality of this offspring. 
This stochastic influence is being implemented as follows. First, the number of 
offspring is determined by random draw from a Normal distributed variable and a 
standard deviation SD. This figure is multiplied by the mortality. The final result is a 
parameter with a Poisson distribution that can be used for calculating the recruitment. 
The parameter values are based on literature. For the 'bittern' the values 0.17 and 0.32 
are chosen resp. for years with a high and a low density and assuming a juvenile 
mortality of 67%. For the 'marshwarbler' we assumed a yearly mortality of 75% based 
on literature of many small passerines (Von Haartman 1971) and calculations for the 
great reed warbler {Acrocephalus arundinaceus) (Foppen and Graveland 1999). For a 
yearly recruitment of 0.45 (high density) and 0.85 (low density) the population in a 
large patch is stable. The number of fledged young that can be derived from these 
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estimates (four and two per female per year, respectively) corresponds well with data 
in the literature (Cramp 1992). 
Dispersa l 
Dispersal occurs once a year right after mortality and reproduction. The model 
distinguishes between two types of dispersal: intrinsic and density dependent. They 
result in a different number of dispersers, but the characteristics of the dispersal (e.g. 
maximum distance) remain the same. The intrinsic dispersal assumes that a fixed 
proportion of the juveniles enters a dispersal pool. The chosen proportions are based 
on a preliminary analysis of ring recovery data for the bittern and a mark-recapture 
study for the great reed warbler (Foppen & Graveland 1999). The estimated 
proportions apply to relative small areas, 10 ha for the 'marshwarbler', 100 ha for the 
'bittern'. For larger areas the proportion will decrease. Density-dependent dispersal 
means that all individuals above carrying capacity are also entering the dispersal pool. 
Individuals in the pool are being redistributed with the help of transition probabilities 
between source and target patch. 
These probabilities are being generated by an independent module in the 
model. They are dependent on distance between the patches, size of the patches, 
shape and orientation of the target patch. They are represented by the angle that exists 
between the centre point of the source patch and the edges of the target patch. Above 
that, a number of additional parameter settings has to be made, e.g. maximum 
distance between source and target patch and the probability that an individual will 
reach a patch in the shadow of the nearest target patch. The overall result is a matrix 
with transition probabilities between all patches. 
Based on the ringing recoveries for the 'bittern' a maximum dispersal distance 
of 75 km was chosen and based on the mark-recapture analysis for the 'marshwarbler', 
20 km was chosen. 
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Synthesis and implications for marshland bird 
conservation 
Marshland bird persistence: reviewing the scientific evidence 
for effects of habitat fragmentation 
Do the results of the studies supply sufficient evidence to generally state that 
marshland birds in The Netherlands suffer from fragmentation effects? Or, to 
rephrase it in policy terms, is it justified to spend resources (time and money) on the 
development of spatial planning approaches that aim to minimise these effects? 
Chapters 2 and 6 of this thesis have provided evidence that a number of different 
species of marshland birds show a decrease in occurrence in circumstances of 
fragmented habitat. For seven species on various scale levels and in landscapes with a 
low fraction of habitat (< 5%), occurrence could be explained by patch size and 
connectivity. A meta-analysis approach, described in Chapter 2, was used to compare 
between species in one landscape and between landscapes with various spatial 
conditions. This revealed consistent responses of five species to habitat fragmentation 
according to assumptions concerning the essential demographic processes. Effect size 
is influenced by fluctuations in total population size. In Chapter 4 resilience of a 
population following a crash was used as an indicator for fragmentation effects. Sedge 
warblers, facing a population decline by drought in the wintering quarters in Africa 
demonstrated less resilience in the most fragmented marshlands. Chapter 5 shows that 
reed warbler populations in a typical Dutch landscape, small marshland elements in a 
mainly agricultural landscape, function as a metapopulation or network population. 
Subpopulations of various sizes in habitat of varying quality support each other, 
contributing to metapopulation stability. 
What kind of (potential) problems does nature conservation face according to 
the results of this thesis? First, there is the risk that part of the suitable habitat patches 
will remain unoccupied by marshland bird species. Next, populations could go extinct 
on the regional level, for instance, the disappearance of the sedge warbler from the 
marshlands in the eastern part of the country. Finally, a species could go extinct on 
the national level. Whether and under what circumstances any of these effects is 
considered as a conservation problem is not for the scientist to decide, but should be 
reflected in nature policy. 
How can we assess whether any of the potential problems mentioned above is 
occurring? As to the first problem, the pattern analysis approach, collecting and 
analysing distribution data, has been proven to be an effective method to indicate 
whether species are absent in suitable habitat patches. However, these snapshot data 
are not suitable to assess whether a population is under serious threat of extinction. 
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Time series of occurrence on a patch basis provide additional information on local 
extinction and colonisation rates, but it is unlikely that monitoring data can show real-
time extinction events on regional or national scale level. Low population turnover in 
many vertebrate species, stochastic effects and time-lag effects are some of the 
problems preventing empirical evidence for large-scale extinction processes. 
Reconstructing extinction events is frustrated by the lack of sufficiently detailed 
(=patch-based) data and the problem of ever changing habitat configurations. The 
best way to quantify extinction is to use realistic metapopulation models, models 
predicting extinction probabilities. In Chapter 4, 5 and 7 a number of marshland bird 
models within the METAPHOR model framework were presented. Several exercises 
with these models indicated that in the present situation at least some of scarce 
marshland birds like the bittern and the great reed warbler have reached a critical 
extinction level (Reijnen et al. 1995; Foppen et al. 1999). 
In conclusion, this study demonstrates that many marshland bird populations in 
The Netherlands are negatively influenced by fragmentation. This justifies that for 
marshland bird conservation spatial planning is an important policy item. Effective 
tools are needed to guide this spatial planning process. 
PLANNING 
CYCLE: 
Which solutions 7 
Key patch approach 
pi.,,, 
tmplenien&atkm 
•Rule-based systems (LARCH) 
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Figure 8.1 
The spatial planning cycle and the applicability of the various instruments/tools presented 
in this thesis. 
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Bridging the gap between case studies and application in 
spatial planning 
The tools presented in this thesis can be used in a number of phases of the cyclic 
planning cycle that was presented in Chapter 1 (Figure 8.1). Firstly, in the problem 
definition phase assessment tools are needed. Although the use of regression models 
is a possibility to indicate whether fragmentation problems occur (Chapter 2), the 
serious drawbacks in extrapolating data make it necessary that field data are required 
for the area of concern. Regarding the fact that collecting field data is very time-
consuming, this approach will only be feasible if data already exist. This probably 
means that in many cases the area of concern will be limited in size (but see bittern 
data). If no field data on occurrence are available or if resources are limited, the SCAN 
model, presented in Chapter 6, is a good alternative. If the model is properly 
calibrated for a number of target or indicator species, it gives a reliable, though rough, 
impression of where the weak spots are in a network population and where a further, 
more detailed analysis, is feasible. To assess whether a population is regionally 
threatened by extinction, the second type of problem described in the previous 
paragraph, the ESLI approach can be used as diagnostic instrument (Chapter 2). If an 
observed value falls below the threshold value, in case of the marshland passerines the 
average patch carrying capacity of 2-5 territories, then the population in a particular 
landscape should be regarded as threatened. 
Given the body of information that is needed to parameterise a spatially 
explicit metapopulation model, it is not feasible to use detailed models of this kind for 
problem detection on landscape or ecosystem level, since this will need models for a 
large number of species. If nature policy involves spatial planning for the benefit of 
the conservation of a particular species, a metapopulation model is a good instrument 
for problem detection. Examples in The Netherlands are species action plans for 
flagship species like otter ljitra lutra, beaver Castor fiber and root vole Microtus oeconomus, 
bittern and great reed warbler. The models developed within the METAPHOR 
framework (see Chapter 4, 5 and 7) provide a quantitative prediction on the 
probability of occurrence and on 'saturation', the fraction of the carrying capacity that 
is realised given the spatial conditions. 
In the second phase of the planning cycle solutions are needed to tackle the 
problem that was identified in the first phase. In Chapter 7 the key-patch approach 
was introduced as a solid approach to attain viability in a network population. Key 
patch or population sizes for various species groups are used as standards for viability. 
Consequently, in designing a spatial plan the best option is to strive for habitat 
elements with key patch size. 
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Finally, a number of tools have been proposed that can be used for plan evaluation. 
Regression models, like the marshland bird models developed in Chapter 2, can be 
used as a predictive tool, although they are not suited for extrapolations to other 
landscapes and thus are of limited value. This requires either a model simulating the 
essential ecological processes, or a rule-based system. Both types of approaches are 
able to generalise results and to aggregate species specific results. METAPHOR, as an 
example of a simulation model, uses particular species profiles as a basis for 
aggregation. Still, to build a number of models asks for a lot of investment. For 
evaluations on the landscape level I advocate the use of a rule-based system, like the 
LARCH model presented in Chapter 7. LARCH aggregates species based on the key 
patch approach for species groups and is a good example of a knowledge system using 
data from several sources. It is based on (1) metapopulation modelling, (2) empirical 
data on distribution plus analyses of these data, (3) data on dispersal. The advantage is 
that it can be developed and adapted much quicker and cheaper for a particular 
situation and thus can be used for a wide variety of species and ecosystems. LARCH 
has been applied in a large number of cases, for various ecosystems and species and 
for various scale levels in The Netherlands and other parts of Europe. For marshland 
and typical marshland species it was used for the evaluation of river restoration plans 
(Reijnen et al. 1995; Foppen & Reijnen 1998; Chardon et al. 2000; Foppen et al. 1999), 
for preparing the marshland bird conservation plan (Den Boer 2000) and for the 
preparation of a new nature policy document of the Dutch Ministry of Agriculture, 
Fisheries and Nature management (Anonymous 2000). 
My conclusion is that rule-based systems are worth to invest in because they 
provide an excellent basis for knowledge integration and subsequently application. To 
improve a rule-based system like LARCH, a number of more fundamental ecological 
research questions remain of importance. Knowledge concerning the key process, 
dispersal, is lacking for many species. The extent of dispersal is unknown and the 
behaviour of species upon dispersal is unknown. Can we find evidence that explains 
why species in fragmented landscapes are unable to colonise new or empty habitat 
patches? For instance, do individuals that disperse through inhospitable habitat suffer 
from low survival chances? Is the per capita recruitment in fragmented populations 
low, as a consequence of unequal sex ratios? Does conspecific attraction rule the 
colonising behaviour of first breeding great reed warblers? Questions like these are 
important to answer because they provide a better understanding of crucial processes 
and are crucial for the development of reliable population models. The rule-based 
models presented in this thesis are easily improved, as more ecological knowledge 
becomes available of the relation between a species and the degree of habitat 
fragmentation or the processes responsible. 
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To calibrate and validate metapopulation models or rule-based systems, it is of 
great importance that monitoring schemes are designed and implemented that record 
population dynamics in fragmented and unfragmented landscapes over a long period 
of time. Extinction and colonisation processes for most vertebrates run over a long 
period of time and well-designed monitoring schemes will provide us with vital 
information to sharpen our models and thus to improve the quality of the rules and 
guidelines for application. Another important topic for future research is to develop 
population models that integrate habitat quality effect with habitat configuration 
effects. 
Bridging gaps: to enlarge or to connect, what is the best 
option? 
Nature policy in The Netherlands has acknowledged that habitat fragmentation is a 
key issue for conservation of biodiversity. The challenge for the landscape ecologist is 
to answer questions arising: what solutions are possible to minimise the effects for 
marshland birds and what strategy is the most efficient? Should we enlarge marshland 
areas, create new marshlands or physically connect the remaining ones? As pointed 
out in the first paragraph of this chapter we can distinguish three types of problems 
for marshland bird conservation. The highest priority is to safeguard long-term 
survival of a species in The Netherlands. According to the key patch approach, the 
best strategy to accomplish this is to conserve sufficiently large marshland areas. In a 
number of studies various spatial planning scenarios for marshlands in The 
Netherlands have been evaluated (Reijnen et al. 1995; Foppen et al. 1999; Den Boer 
2000). For a few species metapopulation models were developed and used as an 
evaluation tool, for a larger set of species the rule-based system LARCH (Chapter 7) 
was used. These evaluations (see the example in Chapter 7) clearly demonstrate that 
there are almost no marshland areas left in the Netherlands of sufficient size to 
support viable populations (key patch populations) for a wide range of marshland 
birds. A scenario, concentrating 50 000 ha of restored marshland around the largest 
remaining sites, clearly will improve the situation. Marshland areas of 5 000 to 10 000 
ha offer sound spatial conditions for even the most area-demanding species like the 
bittern. To minimise extinction risks on the national level, the marshland bird 
conservation plan (Den Boer 2000) aims at the realisation of at least five of these key 
patch populations for each species. In conclusion, for viable marshland bird 
populations Dutch nature policy should focus on enlarging the existing marshlands by 
a concentration of the nature restoration activities in these areas. 
This strategy minimises extinction risk on a national level, but does not 
automatically lead to a coherent system of marshlands. It does not solve the 
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fragmentation problem in isolated marshland areas in many parts of The Netherlands, 
like the south and east, causing a low degree of occupation and even problems with 
regional extinction. An additional approach is to strategically link marshland areas into 
a habitat network. From this thesis I conclude that the best option is to restore the 
natural marshland backbone with axes along the large rivers (Rhine, Waal, Meuse and 
IJssel) and an axis running from the northwest to west, from the provinces of 
Groningen and Friesland to Zuid-Holland (Figure 8.1). Provided that no serious 
limiting habitat quality features remain, the occupation and population size are high in 
the resulting habitat network, densities are optimal and thus fragmentation has no 
limiting effect. From the results of this thesis I estimate that this will enhance the 
spatial cohesion also in surrounding areas up to a distance of at least 10 kilometres for 
passerines and up to 25 kilometres for a species like the bittern. Consequently, it will 
result in a higher probability of occupation and a higher saturation of existing 
marshlands without increasing the size and habitat quality. In the new Dutch Nature 
Policy Plan (Anonymous 2000) plans are elaborated for the development of 'robust' 
corridors (robuuste verbindingszones). These linkages are broad zones (up to a few 
km) with a high marshland habitat coverage, for instance a high density of small 
marshland areas and a few dispersed larger marshland areas (200-500 ha). These 
robust corridors link existing core marshland areas in the 'backbone'. The results of 
this thesis and applications of the tools that were developed, demonstrate that these 
measures, foreseen in the new Dutch Nature Policy Plan, will increase cost-
effectiveness of resources available for conservation of marshland birds, consequently 
marshland biodiversity will benefit. 
Figure 8.2 
Creating a 'marshland backbone', a main ecological structure for marshlands in The 
Netherlands 
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Summary 
An important part of the natural values in The Netherlands is based on the fact that 
the country has a unique geographical position in temperate lowland Europe at the 
mouth of the rivers Rhine and Meuse. This creates a number of interesting gradient 
situations e.g. between saltwater and freshwater systems, between eutrophic and 
oligotrophic systems, and between tidal, streaming and stagnant waters. This position 
offers excellent conditions for a wide variety of wetland systems: river and clay 
marshlands with open water and macrophyte vegetation like reedlands, peat 
marshland with bogs, fens and mires, as well as estuaries with saltmarshes. This 
marshland diversity resulted in a very diverse avifauna with many species occurring in 
high densities. The diversity and quantity of these wetland ecosystems, however, is 
severely threatened and consequently the number and the distribution of typical 
marshland bird species decreased (Den Boer 2000). Acidification, euthrophication and 
desiccation, cultivation and unfavourable management practices all contributed to a 
decline of total area and an increasing degree of fragmentation of the remaining 
habitat for marshland birds (Figure 1.1). The Dutch Nature Policy Plan, published in 
1990 (NPP 1990), mentioned fragmentation as one of the most important threats to 
biodiversity. A nation-wide ecological network of nature areas was proposed as the 
solution for this problem. It is vital for the success of this strategy that the 
implementation is underpinned by ecological knowledge of the underlying processes 
in this network system. 
The process of habitat fragmentation leads to landscapes with dispersed small 
populations within an inhospitable matrix. Small populations are likely to go extinct by 
stochastic demographic fluctuations. Consequently, the viability of these small 
populations depends on the likelihood that they will be recolonised by individuals 
from elsewhere. Crucial is whether the distances most individuals are likely to cover 
between years, as a result of the dispersal process, are large enough compared to the 
interpatch distances within a landscape. A set of subpopulations (or metapopulation), 
may be viable, even when all subpopulations are small in size under the condition that 
local extinction and recolonisation rates are balanced. 
Fragmentation can lead to a conservation problem, which asks for spatial 
solutions. In a multifunctional society, like The Netherlands, finding and 
implementing effective solutions are part of a spatial planning process. The way from 
problem definition to the actual implementation of a plan can be regarded as a cyclic 
planning process (Figure 1.2) with successive phases on problem detection, exploring 
solutions, development of landscape scenarios, designing an actual plan and plan 
evaluation. Often, ecological knowledge is poorly used in such planning processes. It 
is probably due to the fact that the knowledge is not tailored for the different phases 
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of the planning cycle. This asks for generalisations, from case studies to a variety of 
landscapes. It also asks for aggregation of knowledge on single species to knowledge 
on multispecies level. 
It is a challenge for landscape ecology to develop and support such an 
approach and link ecology and spatial planning and, to my opinion, knowledge 
systems should play a major role (Figure 1.3). 
This thesis is an attempt to elaborate this landscape ecological line of thought 
for the problem of fragmented marshland and conservation of bird species. It tries to 
bridge two 'gaps'. Firstly, the gap (in literal sense) between remaining pieces of 
marshland. What is an effective spatial strategy for the persistence of marshland birds 
in The Netherlands? How should we 'bridge' the gaps between our remaining 
habitats? The second gap is metaphorical and refers to the transfer of ecological 
knowledge gathered in case studies and at the species level into tools and instruments 
for application in nature management and policy. In conclusion, the central questions 
of this thesis are: (1) under what spatial conditions do marshland birds demonstrate 
negative effects of fragmentation and (2) how to utilise ecological knowledge for 
practical tools in conservation? 
In Chapter 2 distribution data of six typical marshland passerines occurring in 
heavily fragmented landscapes in Gelderland and Sealand Flanders are analysed. Some 
of the species are common, like the reed warbler and the reed bunting (occurring in 
>50% of the habitat patches), others are scarce or rare (sedge warbler, great reed 
warbler, penduline tit and bluethroat). After correcting for patch size and quality, in 
most cases occurrence is significantly explained by patch connectivity, a measure for 
the spatial configuration of the patch. The response of species to fragmentation is 
variable, but the analyses confirm that in many landscapes in The Netherlands habitat 
fragmentation negatively influences occurrence of bird populations. By linking the 
fraction of occupied patches to ecologically scaled landscape indices (ESLI) a 
diagnostic tool was set up. The ESLI 'average patch carrying capacity' is a good 
estimator of the fraction of occupied patches and that the 50% occupation threshold 
(assumed to be a viability threshold according to Vos et al. 2001) will be reached at an 
average patch carrying capacity of 2-5 territories. This diagnostic instrument is 
practical and quickly applicable because no field data are required, the essential 
information concerning carrying capacity can be collected from literature. 
Spatially explicit population models, mathematical models simulating 
population dynamics of a species with subdivided populations, are useful research 
tools to explore and understand the behaviour of populations in a fragmented 
landscape. These models require lots of information for parameterisation of the 
essential parameters, the most important source are field data. Particularly quantitative 
data on the dispersal and emigration rates are essential, though collecting these data is 
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time-consuming and difficult. In Chapter 3 the results of a field study on the great 
reed warbler are presented. The study area consisted of reed beds along lakes, total 
length around 15 kilometres. During 1994-2000 over 1100 individuals were colour 
banded and more than 250 individuals were resighted in one or more following years. 
By analysing records of marked individuals, survival, dispersal and emigration rates 
were quantified. Most individuals show displacements within the study area. Survival 
is estimated by analysing the capture-recapture data using the program MARK and 
depends on age, sex and year. Emigration rates are estimated by dividing the study 
area in six equal parts and analysing the differences in local survival between the parts 
and various combinations. The resulting function describes the relation between the 
emigration rate and the size of an area. The demographic data and the quantification 
of dispersal are subsequently used for the parameterisation of a metapopulation 
model. This model is decribed and used in the following chapters. 
Chapter 4 demonstrates the influence of large environmental impacts on the 
dynamics of a metapopulation. In the last decades a number of passerines wintering in 
the Sahel zone suffers from the droughts. The sedge warbler is one of those species. 
After drought years (like in the mid-seventies and eighties) the population shows a 
decline of more than 50%. After these collapses the population recovers, but not in all 
marshlands. An analysis of the population trends in a large number of marshlands in 
The Netherlands indicated that populations in large marshlands recovered quickly, but 
that small and relatively isolated populations, like in the eastern and southern parts of 
the country, did not recover at all. Exercises with a metapopulation model support the 
hypothesis that this lack of resilience is due to fragmentation effects. Populations of 
fragmented areas are particularly vulnerable for catastrophic events, probably because 
certain thresholds for population viability are linked with population size. 
Chapter 5 elaborates on the role of low quality habitats (sinks) in a 
metapopulation. Persistence of sink populations depends on nearby source 
populations. However, do sink areas also contribute to the persistence of source 
areas? In a riverine landscape in the province of Gelderland a number of large 
marshlands are located close to each other, these constitute source areas for the reed 
warbler. In a radius of 20-30 kilometres around these marshlands hundreds of small 
marshlands occur in a landscape dominated by agriculture. A field study demonstrated 
that in many of these small reed elements reed warblers occur. A regression analysis 
shows that the habitat quality of these habitat patches is poor and that they most likely 
are to be considered sink areas. Furthermore, spatial parameters are very important in 
explaining the probability of occurrence, the abundance and also extinction and 
recolonisation rates of the habitat patches. In isolated patches the probability of 
occurrence is low, densities are low, the probability of extinction is high and 
recolonisation probabilities are low. Thus reed warbler populations in these small 
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elements show metapopulation dynamics. Using a spatially explicit population model 
proves that sink areas do contribute to the stability and persistence of source areas. A 
recovery after a population decline is much faster in source areas embedded in a 
network with sink patches than in source areas with no sinks around. This influence 
however, depends on the spatial conditions. For reed warblers mainly the sink areas 
within 2-5 kilometres ol a source patch are of importance, and the total number of 
individuals supported by the sinks should be at least 25% of the source population 
size. 
In Chapter 6 I analyse distribution data of the bittern in The Netherlands. 
The bittern is a scarce breeding bird, occurring in less than 50% of all suitable reed 
dominated marshlands. The species is rare in the eastern, north-eastern and southern 
parts of the country, although suitable habitat patches occur. A regression model is 
used to predict probability of occurrence of the bittern in a patch given the size, 
abiotic (soil) conditions of the marshland and the connectivity. The results indicate 
that low probability of occurrence of the bittern in certain regions can be explained by 
unfavourable spatial conditions. The predictions per habitat patch are subsequendy 
used as a calibration set for a simple expert model, SCAN, based on connectivity. The 
model uses a connectivity value for grid cells of 250x250 meters as an indicator of 
spatial conditions. The SCAN output gives satisfactory results and correlates well with 
the regression model predictions. It is considered a useful instrument for problem 
detection, although the challenge is to find generic rules to translate the model output 
into probability of occurrence or persistence measures. 
In Chapters 2-6 a number of methods is introduced for the analysis of species 
occurrence and persistence in fragmented landscapes: developing landscape indices 
(Chapter 2), metapopulation models (Chapter 4 and 5) and regression models 
(Chapter 2 and 6). Can we develop an instrument that integrates the various methods 
and is applicable on landscape rather than on species level? In Chapter 7 a rule-based 
system is described that combines the merits of all previously mentioned methods. 
Central issue is the key-patch approach. A key patch is defined as a habitat patch 
within a habitat network of such a size that the probability of extinction of the local 
population is less than 5% in 100 years. It is the basis of a persistent metapopulation. 
The predictive models resulting from the various regression analyses are used to 
indicate key population standards for a number of species. With help of 
metapopulation models for two ecoprofiles, a marshland passerine 'reed warbler' and 
a marshland heron 'bittern' these key population standards are extrapolated to 
landscape configurations. Literature data on various species groups are used to test the 
validity of the standards. Three standards are proposed, for long-lived large 
vertebrates (example: bittern, otter): 20 individuals, for middle-long lived, medium 
sized vertebrates (example: great reed warbler): 40 individuals and for short-lived, 
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small vertebrates (reed warbler, voles): 100 individuals. These standards are 
implemented in a GIS and rule-based system, called LARCH, and this is considered a 
useful evaluation tool for spatial scenarios and plans. 
In Chapter 8 I conclude that the occurrence and persistence of marshland 
bird species in The Netherlands is negatively influenced by the current degree of 
habitat fragmentation. I also discuss the value of the presented instruments and tools 
for application in the different phases of the planning cycle. 
What spatial strategy is effective to bridge the gaps between isolated 
marshlands? The results of this thesis indicate that the primary option is to enlarge 
existing marshlands, creating at least five key populations for most of the marshland 
birds. This requires extension of the size of most existing marshlands by nature 
restoration, aiming at totals of 5000-10 000 ha. Next, a marshland 'backbone' should 
be created with restoration of medium—sized marshlands along several axes. By this 
way marshland bird populations in the periphery are better 'connected' with the core 
areas and will show a higher, regional, persistence. It will also enhance the probability 
of occurrence and saturation in existing marshland areas and thus is a cost-effective 
measure. 
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Samenvatting 
Een belangrijk deel van de natuurwaarden in Nederland is het gevolg van het feit dat 
we ons hier in een delta van enkele grote West-Europese rivieren bevinden. Daarin 
komen tal van interessante gradienten voor, van zoet naar zout, van hoog naar laag en 
van voedselarm naar voedselrijk. Het gevolg is dat Nederland rijk is aan allerlei typen 
moerasnatuur: rietlanden, hoogveenmoerassen, laagveenmoerassen, brakwater-
moerassen. Dat levert tevens een grote diversiteit aan moerasvogels op en veel soorten 
komen in grote aantallen in Nederland voor. De diversiteit en kwantiteit van natte 
natuur in Nederland staat echter in hoge mate onder druk. Als gevolg daarvan zijn 
veel moerasvogels sterk in aantal achteruitgegaan (Den Boer 2000). Belangrijke 
oorzaak is, naast de milieudruk (verzuring, vermesting, verdroging), de afname aan 
geschikt broedareaal waarbij met name landgebruiksveranderingen en 
beheersinvloeden een grote rol spelen. Daardoor is het Nederlandse moeras ook sterk 
versnipperd (Figuur 1.1). Naar aanleiding van het in 1990 uitgebrachte 
natuurbeleidsplan (Anonymus 1990) waarin versnippering als een van de belangrijkste 
oorzaken voor de achteruitgang in de biodiversiteit werd aangewezen, is het 
toenmalige Rijksinstituut voor Natuurbeheer gestart met onderzoek dat een antwoord 
moest geven op de vraag of en in welke mate versnippering voor moerasvogels een 
probleem is en hoe het ruimtelijk natuurbeleid, aangaande het creeren van een 
ecologische hoofdstructuur, hiervoor een oplossing kan bieden. Daarbij is het 
essentieel dat ecologische kennis over de onderliggende processen gebruikt wordt als 
basis voor een effectdef beleid. 
Het proces van versnippering leidt tot kleine populaties die van elkaar zijn 
gescheiden door ongeschikt habitat. Kleine populaties hebben een kans om uit te 
sterven door toevalsprocessen. Een voorbeeld: er leven drie paar bosuilen in een klein 
bosgebied ergens in Zuid-Holland, ver verwijderd van andere bossen. Toevallig zijn de 
zes jonge bosuilen die door de drie paartjes in een bepaald jaar worden grootgebracht 
van het vrouwelijke geslacht. Toevallig is de winter daaropvolgend zeer streng en de 
helft van de vogels sterft, toevallig drie mannelijke oudervogels. Het gevolg is dat de 
populatie nu nog bestaat uit zes vrouwtjes en feitelijk is uitgestorven. Kleine, 
gei'soleerde populaties hebben alleen een gerede kans op overleving bij voldoende 
uitwisseling met de omgeving. Van belang daarbij is de verhouding die bestaat tussen 
de afstanden die soorten geneigd zijn te overbruggen als ze op zoek gaan naar een 
nieuw leefgebied (=dispersieafstanden) en de afstanden tussen habitatplekken in een 
versnipperd landschap. Een verzameling van deelpopulaties (ook wel metapopulatie 
genoemd) is duurzaam wanneer een balans ontstaat tussen de lokaal optredende 
extincties (uitsterfprocessen) en de kolonisaties (hervestigingen) 
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Versnippering is dus een ruimtelijk probleem. Oplossingen voor het 
versnipperingprobleem dienen daarom aan te grijpen op het ruimtelijk beleid of de 
ruimtelijke planvorming. De weg van probleemverkenning tot planvorming kan gezien 
worden als een cyclisch planningsproces (Figuur 1.2) waarbij achtereenvolgens een 
aantal stappen wordt doorlopen van probleemverkenning, het aandragen van 
oplossingsrichtingen, het opstellen van planscenarios, het opstellen van een 
inrichtdngsplan, het implementeren van een plan en tenslotte de evaluatie van het plan. 
In de praktijk zien we dat bij veel plannen de ecologische kennis onvoldoende is of in 
het geheel niet doorwerkt. Er is behoefte aan een duidelijke strategic om ecologische 
kennis 'op maat' in te brengen in het ruimtelijke planvormingsproces. Daarbij is het 
van belang dat integratie plaatsvindt van kennis, dat een generalisatie plaatsvindt van 
studies en dat door extrapolatie uitspraken worden gedaan op soortgroep of 
systeemniveau in plaats van op soortniveau. 
Het is een taak voor de landschapsecologie om een dergelijke schakel te 
vormen tussen de ecologie en de ruimtelijke planvorming. Daarbij is een belangrijke 
rol weggelegd voor kennissystemen (Figuur 1.3). Dit proefschrift tracht dit 
landschapsecologisch gedachtengoed uit te werken voor het probleem van de 
versnipperde moerassen en vogelpopulaties. Het probeert daarbij twee bruggen te 
slaan, oftewel twee gaten te dichten ('bridging gaps') Het eerste betreft het 
ontwikkelen van een effectieve strategic voor het EHS-beleid dat er op gericht is om 
de 'gaten te dichten' tussen populaties van moerasvogels in ons land. Het tweede 
betreft de ontwikkeling van een strategic om ecologische kennis te vertalen in 
hulpmiddelen en instrumentarium, bruikbaar voor het slechten van het gat tussen 
kennis en toepassing binnen het natuurbeheer en -beleid. 
In hoofdstuk 2 worden verspreidingsgegevens van een zestal typische 
moerasvogels geanalyseerd. Het betreft gegevens uit landschappen waarin het 
merendeel van de moerassen klein en versnipperd is, Zeeuws-Vlaanderen en het 
oostelijk rivierengebied in Gelderland. In Zeeuws-Vlaanderen gaat het om twee 
datasets, met ieder ongeveer 100 gebieden, in Gelderland gaat het om 100-300 
gebieden (afhankelijk van de soort). Sommige soorten komen algemeen voor zoals 
kleine karekiet en rietgors (in meer dan 50% van de gebieden), andere soorten zijn 
schaars of zeldzaam, zoals rietzanger, blauwborst, grote karekiet en buidelmees. 
Middels een regressie-analyse wordt bekeken of de mate van voorkomen van een 
soort in een bepaalde habitatplek (een moeras, een rietsloot of een rietoever) bepaald 
wordt door de mate van isolatie. Hierbij is in eerste instantie gecorrigeerd voor de 
oppervlakte van de plek en de habitatkwaliteit, aangezien deze ook een grote rol 
spelen. Er zijn twee typen analyses uitgevoerd per soort en per dataset. Bij de eerste is 
gekeken naar de aan/afwezigheid in een gebied, als tweede naar het aantal 
aangetroffen territoria. In meer dan 75% van het aantal analyses blijkt dat de 
160 
B R I D G I N G G A P S I N F R A G M E N T E D M A R S H L A N D / S U M M A R Y 
connectiviteit, de maat die gebruikt wordt om de mate van ruimtelijke samenhang 
tussen de gebieden weer te geven, een significant verklarend effect te hebben. De 
grootte van het effect en het verloop van de relatie tussen voorkomen en de 
connectiviteit blijken variabel te zijn, maar bevestigen het vermoeden dat in veel 
landschappen in Nederland moerasvogels bei'nvloed worden door versnippering. Aan 
de hand van de analyses is gettacht een diagnosesysteem op te zetten voor 
versnipperde moeraslandschappen. Daarbij is gebruik gemaakt van een 
duurzaamheidsdrempel van 50% bezette plekken zoals aangegeven door Vos et al. 
(2001). Het blijkt dat de gemiddelde draagkracht van een plek in een landschap goed 
correleert met de fractie bezette plekken en dat de duurzaamheidgrens ligt op een 
gemiddelde plekdraagkracht van 2 tot 5 territoria. Dat wilt zeggen dat de 
moerasfragmenten in een landschap gemiddeld zo groot moeten zijn dat ze deze 
aantallen per soort kunnen herbergen. Dit diagnose-instrument is praktisch en snel 
inzetbaar omdat geen veldgegevens noodzakelijk zijn, maar gebruik kan worden 
gemaakt van literatuurgegevens voor het bepalen van de draagkracht van de soorten. 
Ruimtelijke-expliciete populatiemodellen, rekenmodellen die de populatie-
ontwikkeling van een soort in een landschap nabootsen aan de hand van sterfte en 
geboorteprocessen, zijn een geschikt instrument om het probleem van versnippering 
te begrijpen en te verkennen. Bij een dergelijk model dienen veel parameterinstellingen 
te worden gekozen. Essentieel is dat men zich daarbij kan baseren op gegevens die in 
het veld zijn verzameld. Een sleutelfactor voor het bepalen van de gevoeligheid van 
soorten voor versnippering is de dispersie. Het meten van dispersie in het veld is 
echter moeilijk en weinig kwantitatieve gegevens zijn beschikbaar. In hoofdstuk 3 
wordt beschreven hoe, aan de hand van waarnemingen aan individueel herkenbare 
grote karekieten, overleving, dispersie en emigratie kan worden gekwantificeerd. De 
opgave is om een onderscheid te maken tussen dispersie en sterfte, immers individuen 
die niet meer worden gezien van het ene op het andere jaar kunnen dood zijn of naar 
elders zijn vertrokken. Daartoe is de lokale overleving (geen onderscheid in sterfte of 
dispersie) in een aantal deelgebieden bepaald en uit de onderlinge verhouding van deze 
getallen kan de emigratie per deelgebied worden bepaald. Het hoofdstudiegebied ligt 
langs de oevers van het Zwarte en Ketelmeer in Noordwest-Overijssel. Hier en in de 
onmiddellijke omgeving bevindt zich ongeveer 40% van de Nederlandse populatie 
grote karekieten. Gedurende de jaren 1994-99 werden 1158 individuen van een 
combinatie kleurringen voorzien. Daarvan werden in volgende jaren ongeveer 250 
individuen teruggezien. Een analyse van deze gegevens wijst uit dat voor adulten de 
verplaatsingen doorgaans beperkt blijven tot enige kilometers, voor juvenielen is dat 
iets groter (mediane afstand 3-4 km). 
Door gebruik te maken van speciale programmatuur (vangst-
terugvangstprogramma MARK) kan de overleving van de grote karekiet worden 
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gemodelleerd. De overleving van de grote karekiet hangt af van het jaar, van het 
geslacht en van de leeftijd. Van de adulte mannetjes is de jaarlijkse overleving in de 
periode 1994-1996 ongeveer 70%, in latere jaren 60%. Voor vrouwtjes liggen de 
getallen iets lager, juveniele overleving zit tussen 15 en 40%. Door de korte tijdreeks 
kon niet worden vastgesteld of de teruggang van de populatie in het studiegebied 
(ongeveer 40% in de laatste 10 jaar) samenhangt met een lagere overleving. Met 
behulp van de overlevingsschattingen per deelgebied wordt vastgesteld dat uit 2.5 km 
geschikte rietoever 25-33% van de adulte mannetjes emigreert. Voor jonge mannetjes 
is dit percentage 45 tot 60%. De in deze studie berekende getallen zijn gebruikt voor 
het instellen van parameterwaarden van een metapopulatiemodel dat voor een 
'karekiet' is ontwikkeld. Dit model is gebruikt voor probleemverkenning en het 
afleiden van normen en richtlijnen voor duurzame populaties en wordt in diverse 
hoofdstukken van dit proefschrift gebruikt. 
In hoofdstuk 4 en 5 wordt de invloed van twee veel voorkomende factoren 
op de dynamiek van versnipperde populaties belicht. De eerste is de invloed van 
omgevingsvariatie op de overleving van een populatie in een versnipperd landschap. 
De droogte in de Sahel van de laatste decennia heeft geleid tot verminderde 
overlevingskansen van rietzangers. Dit veroorzaakte plotselinge populatiereducties in 
Nederland van soms 50%. Met name halverwege de jaren zeventig en tachtig stortte 
de stand van de rietzanger in. Daarna trad herstel op, maar niet overal. Een analyse 
van het populatieverloop in een groot aantal Nederlandse moerasgebieden geeft aan 
dat herstel optreedt in grote moerasgebieden dicht bij het natte hart in West en 
Noordwest-Nederland, terwijl kleine en gelsoleerde populaties in Zuid en Oost 
Nederland, niet of nauwelijks herstellen. Modelexercities ondersteunen de hypothese 
dat het (langer) uitblijven van herstel samenhangt met de mate van isolatie. Blijkbaar 
beschikken populaties in een versnipperd landschap over veel minder veerkracht dan 
populaties in grote aaneengesloten gebieden. 
Een tweede factor die de dynamiek van een metapopulatie sterk beinvloedt is 
het bestaan van bron-put relaties. Niet alle habitatplekken zijn voor een soort van 
gelijke kwaliteit. Sterker nog, een deel van de plekken zal een dusdanig geringe 
kwaliteit hebben dat populaties die bier voorkomen (=putpopulaties) zich niet zelf in 
stand kunnen houden, de sterfte is groter dan de reproductie. Alleen door immigratie, 
instroom, van naburige populaties, blijft de populatie bestaan. In hoofdstuk 5 wordt 
onderzocht of een dergelijke situatie zich voordoet voor versnipperd voorkomende 
populaties van de kleine karekiet in het oostelijke rivierengebied rondom de Gelderse 
Poort. Centraal staan enige vrij grote riedanden in de Rijnstrangen en de Ooypolder 
waar vele honderden broedparen voorkomen. Daaromheen, in een straal van 20 tot 30 
kilometer, liggen honderden kleine moeraselementen verspreid in het agrarische 
gebied, sommige niet groter dan enige 10-tallen vierkante meters. Ook hier kunnen 
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kleine karekieten voorkomen. In 1993 en 1994 zijn alle kleine moerasgebieden (meer 
dan 600) bezocht, de aanwezige moerasvogels zijn geteld en er is een beschrijving 
gemaakt van de karakteristieken van het riet. In totaal zijn meer dan 1500 territoria 
van de kleine karekiet vastgesteld buiten de grote moeraskernen. Een regressie-analyse 
toont aan dat de kans op voorkomen en het aantal territoria samenhangt met de 
hoeveelheid riet (uitgedrukt in de randlengte aan riet), de kwaliteit en de connectiviteit. 
Kleine rietstukken blijken een significant lagere kwaliteit te hebben en kunnen als 
putpopulaties worden beschouwd. Desondanks blijkt de kans op een extinctie kleiner 
en op een kolonisatie groter te zijn in de best verbonden plekken, ongeacht de 
kwaliteit. Dit toont aan dat de kleine karekiet in dit landschap in een 
metapopulatiestructuur voorkomt. Modelsimulaties met een metapopulatiemodel 
bewijzen dat putpopulaties wel degelijk een rol spelen bij de duurzaamheid van de 
totale metapopulatie. Als de populatie in de brongebieden sterk afneemt door 
plotseling optredende ongunstige milieuomstandigheden dan is het herstel sneller 
naarmate de hoeveelheid aan putpopulaties in de onmiddellijke nabijheid groter is. 
Een voorzichtige aanbeveling is dat een stelsel van kleine moeraselementen in een 
straal van 2 tot 5 kilometer om een bron- of kerngebied heen, bijdraagt aan de 
duurzaamheid indien de totale populatiegrootte minimaal 25% is van de grootte van 
het brongebied. 
In hoofdstuk 6 worden verspreidingsgegevens van de roerdomp in Nederland 
geanalyseerd. De roerdomp is doelsoort voor het natuurbeleid en is een goede 
indicator voor de ruimtelijke samenhang van moerasgebieden op nationaal niveau. 
Een analyse van de aan/afwezigheid gedurende 1978-83 op 5 x 5 kilometerhokniveau 
toont aan dat de ruimtelijke samenhang van moerasgebieden (geindiceerd door de 
connectiviteit) een sterke invloed had op de kans van voorkomen. Voorbeeld: in een 
laagveenmoeras met 100 ha riet is de kans op voorkomen in de meest gei'soleerde 
situatie minder dan 25%, in de minst gei'soleerde situatie bijna 75%. Dit biedt een 
goede verklaring voor het bijna ontbreken van de roerdomp in het zuiden en uiterste 
oosten van Nederland. De voorspellingen van het regressiemodel zijn gebruikt als 
ijking van een simpel model (SCAN) gebaseerd op de connectiviteit. Daartoe is een 
digitale kaart met de aanwezigheid van rietmoeras 'vergrid'. Per gridcel van 250x250 
meter in Nederland is de hoeveelheid riet bepaald. Daarna is voor iedere eel de 
connectiviteit bepaald, gebaseerd op de dispersiecapaciteit en het ruimtegebruik van 
de roerdomp. Door per moeras de SCAN-waarde te koppelen aan de 
regressieresultaten kan de uitkomst van het SCAN-model uitgedrukt worden in kans 
op voorkomen. Bovendien geeft deze correlatie aan dat de uitkomsten van het simpele 
model redelijk betrouwbaar zijn. SCAN is een instrument waarmee op een snelle en 
eenvoudige wijze zwakke plekken in een habitatnetwerk kunnen worden aangegeven 
zonder dat uitgebreide veldgegevens nodig zijn. De gebruikswaarde van het model zal 
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toenemen indien een generieke vertaling mogelijk is naar kans op voorkomen. Daartoe 
dienen voor meer soorten analyses te worden uitgevoerd zoals hier beschreven voor 
de roerdomp. 
In de hoofdstukken 2-6 is aangetoond dat de ruimtelijke samenhang van 
moerasgebieden een grote invloed heeft op het voorkomen van moerasvogels. 
Daarvoor is gebruik gemaakt van landschapsindices (hoofdstuk 2), 
metapopulatiemodellen (hoofdstuk 4 en 5) en patroonanalyses (hoofdstuk 2, 4, 6). 
Kunnen we een benadering en een instrument verzinnen dat deze methoden 
integreert en waarmee tevens uitspraken op landschaps- in plaats van soortniveau 
kunnen worden gedaan? Daartoe wordt de sleutelplek-aanpak (—key patch) 
gei'ntroduceerd. Een sleutelplek is een habitatplek binnen een netwerk van 
leefgebieden met een dusdanige omvang dat de kans op overleven van de aldaar 
voorkomende populatie groter dan 95% is. Daarbij wordt uitgegaan van een zeer 
minimale instroom van individuen uit de omgeving (minder dan 1 exemplaar per 
generatie). Aan de hand van vier datasets met aan/afwezigheidsgegevens van 
moerasvogels (ook al weergegeven in de hoofdstukken 2, 5 en 6) is bepaald welke 
grootte een sleutelpopulatie (SP) dient te hebben. Met behulp van modelsimulaties 
met het metapopulatiemodel METAPHOR voor twee typen moerasvogels, een 
moerasreiger, waarvoor de roerdomp model staat, en een moeraszanger, waarvoor een 
'karekiet'model staat, is nagegaan hoe deze sleutelpopulatienormen kunnen worden 
doorvertaald naar bepaalde landschapsconfiguraties. Aan de hand van enkele studies 
en datasets van andere soortgroepen, vogels en zoogdieren, is tenslotte bekeken of we 
de gehanteerde sleutelpopulatienormen kunnen generaliseren. Voorgesteld wordt om 
de soorten in drie ecoprofielen op te splitsen: a) kleine, kortlevende soorten met een 
sleutelpopulatiegrootte van 100 paar, b) middelgrote soorten met een SP van 40 paar 
en c) grote, langlevende soorten met een SP van 20 paar. Deze normen vormen de 
basis voor een kennissysteem, genaamd LARCH, waarmee ruimtelijke scenario's van 
moerassen kunnen worden geevalueerd. Het hoofdstuk eindigt met enkele 
voorbeelden van deze evaluaties gericht op de plannen voor het realiseren van 
duurzame ecologische netwerken. 
In het laatste hoofdstuk overzie ik de aanwijzingen uit de voorafgaande 
hoofdstukken voor de effecten van versnippering op het voorkomen en de 
duurzaamheid van moerasvogelpopulaties. Gegeven de veelheid aan soorten, 
landschappen en de diversiteit aan gevolgde methodes en de consistentie van de 
resultaten concludeer ik dat het versnipperingsprobleem voor de Nederlandse situatie 
relevant is en dat het voor het realiseren van de ambities van het huidige natuurbeleid 
nodig is de resterende moerasgebieden te versterken tot een samenhangend netwerk. 
Ter ondersteuning van een effectieve ontwikkeling van het netwerk kunnen 
een aantal instrumenten worden benut die in dit proefschrift worden gepresenteerd en 
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getest. De waarde van deze instrumental hangt af van het moment in de 
planningscyclus waarop ze worden toegepast. Ik concludeer dat de beschreven 
instrumenten elkaar goed aanvullen en bruikbaar zijn in de verschillende fasen van het 
planproces. Als zodanig dragen ze bij tot het slaan van de brug tussen kennis en 
toepassing. 
Tenslotte, wat kunnen we hiermee voor de bescherming van moerasvogels? 
Welke ruimtelijke strategic is effectief om de brug te slaan tussen geisoleerde 
moerasgebieden? Op basis van mijn resultaten adviseer ik voor aan riet gebonden 
moerasvogels prioriteit te geven aan het vergroten van bestaande moerasgebieden. 
Middels natuurontwikkelingsprojecten dient te worden ingezet op het creeren van op 
z'n minst 5 sleutelgebieden voor de diverse moerasvogelsoorten. Dat betekent 
moerasgebieden van minimaal 5000-10000 hectare, dus gebieden ter grootte van de 
Oostvaardersplassen. Daarnaast dient de ruimtelijke samenhang van moerassen te 
worden versterkt binnen de "natte as" van moerassen die van Friesland naar de Delta 
loopt, en binnen de stroomdalen van de grote rivieren. Hierdoor worden de 
sleutelgebieden voor moerasvogels beter verbonden met de kleinere moerassen in het 
zuiden en oosten van het land. Dat leidt niet alleen tot een hogere regionale 
duurzaamheid van deze moerasgebieden, maar leidt ook tot een hogere 
benuttingspercentages van deze moerassen door moerasvogels (meer individuen op 
eenzelfde oppervlakte). Daardoor krijgen de daar reeds aanwezige moerassen, zonder 
maatregelen ter plaatse, een hogere natuurkwaliteit. 
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